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U<ECUTIVE SUMMARY I 

d 

,- 

db* 

PURPOSE OF THE REMEDIAL INVESTIGATION ’ ..’ .’ 
( .I * I. 

Operable Unit 3 (OU-3). is defined as cohtiminated grotitidwater in overburden and shallow bedrock 

attributable to Arti C. OAieti C includes Site 4 (north ruriwaq landfill), Site 8 (firgfighting training tirea), and 

the area located between these two lnstallation.R&stoiation Program (IRP)‘sites. The objective&&f the OU-3 

Remedial Investigation (RI) were to: 
., _-. ., > .: _I. .: ,.:. _. ) ;>: :’ _. :;c*‘-, I’ ,. 

, 

l Assess shallow groundwater inipacts attributable to Area C. This itivestigation focused solely 

on shallow’@ioutidwater; othei media and %tirce area studies for Area C are being addre&d 

under separate investigations. 
.rs; ,L’.” .,,,,ji; ‘.:“,.? _,., :.;. -’ ‘4 ‘.‘: ,: : >‘, ;.y.,. . .;.,z I .,.,i “‘.,:‘y:‘~: ::zy- , ;‘, -, ,: ‘.;Z :..‘t:.:;-;.w ;.-;t ,_..._ 1, 

:-. : 7’ 0 ?-;,‘” Furthei define the hydraulic &&acteristids’ bf‘th&‘$tockton F&&ion .in ‘the $icinit)i c$ Area C 
to evaluate’con~mina~t di&ib&on~&d mid&i&.’ %‘::I< fl’: ;‘) ’ .. jr: ‘: i,‘<? “,i’ ;“‘jr k+.‘*:.. 

‘0 -. I’- Gathei’the nec&ary data with which tb support a Feasibility Study (FS) .for OU-3. : 
,‘ -. ,_ , .- ,, ; ~ .’ ‘: ‘: 0,. ,‘. i- :__ ..,-, _; ;‘ ‘. . : ‘>. 

.._ -e,,-: :I, >:5 ., L7.“: -: * ‘8: ,j3 ,. .: ,,, -_I.... _. . . ..,-. \‘yI\-:..> ,,, ., .X, :-I :’ . / ,, 

Site 4 - North Runway landfill .i. ,. 1 ;.- ‘9 : : ” ..,:: 

. 
Site 4 is a grass-covered area covering 7 acres just north of the main ruriway’al&n$ Kirk Road and ‘soutti 

of the-patrol road. The site is the largest of the NAWC Warminster waste disposal locations; it is less than 

100 feet’from the edge of the facility boundary. This site”r&portedly wad opt$ated ribn? 1966 io;1!970.’ Up’. 

to sevec trenches on the sit6 reportedly were uSed io dispdse bf n&industrial solid waste, ‘$&$&te ’ 

oils, waste metals; construction debris, solvents; ‘and ‘Sewage “&ludge;‘frt$ the’setiage tii?atmerit “&nt. 

Some drainage from this area intersects the unnamed tributary of Little Neshaminy-.Creek, off &te to ‘i‘he 

north of Kirk Road, near Munro Park.- Several offsite residences-are present within iO0 feei of Site 4. I’ .’ 

Each trench at the site was reported to be 12 feet wide,’ 1,000 feet lon$ and 9 feet deep.‘- Appioid&tely 

25,000 cubic yards of wastes were deposited, and each trench had a roiential capa$@ of 3iSOO ‘&lc’iards. 

It is not known whether wastes were segregated prior to dis@&l oi were pla&dr&domly Into each trench. 

_. ,-d 
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.- 

Site 8 - Fire-Fighting Tmininq Area .’ ’ : ‘, ‘: ;T .’ ‘;“, + :. ‘,,+‘, : 

The fire-fighting training area (Site 8) is found in an open grassy area within the fenced area of the NAWC 

Warminster property. The site is located north of the main airstrip at the northeastern end of an abandoned 

runway. Directly to the northeast are Kirk Road and Werner Park.;:::: ,: : , :,;:!i~~~~~~,,y ii *;- - :‘t “2 :ry;.,;r:: 

The training area.consisted of,a 75- by 75-foot portion of the runway surrounded on three sides by a double* “. 
berm.-‘ The berms were approximately 3 to 5 feet high. .The~ site was used for fire training exercises from 

1961 to February J988.. Typk+ly, flammable materials were poured on the runway, ignited, and extinguished : 

to simulate fire-fighting procedures. I,.q.,i, A: “. “i,‘,,r 1 2.. .;::. .,I ,wri :,. h... “.““*?r . . I.” . ..( .+ ._ :..., 

An apparent drum storage area was observed in 1981, adjacent to the bermed fire training area. Materials 

reportedly,kept within this drum storage area were lubricants and transformer.coolant oils. .j $, . ‘-I . ’ 
;*;-.:i j 

i. 
1 :.,. ./ . . i=T’.‘“;.,;; - F:“‘.’ 

.A Gl. ._j, 

By 1988, the double soil berms had been removed. NAWC Warminster personnel reported that these berms, 

along with residue, trapped liquids, and soil from .eroded areas, ‘had ,been analyzed and removed.% The 

removed material was deposited in an area adjacent to ,S,itez 8, and, the site itself was,regmded. 

In the past, surface water was observed to collect,wkhin this area. ,.Typically, 6 to 12 inches of water ponded 

at the site. Aviation fuel, scrapped cars and aircraft, and other debris were reportedly stored and burned 

within Site 8. An estimated 3,000 gallons of aviation fuel were disposed annually at Site, 8. ,Historical aerial 

photos indicate that two areas on the abandoned runway were used as burn areas. The older area was 

about 100 feet southwest of the newer area. 

Based on .a,.review of aerial photos and on field, observations,,two,.other areas of potential concern have v l.(” ., 
been identified., Historical aerial photos documented the presence ,of a pisto!, range within AreaC in the ; ,: .+ it ..,_. , . . . ,i‘ . 

past. The range was .,located approximatety 800 feet, south (upgradient) of Site 8. ?:There is evidence of; 

standing water within the pk,dug for the range in at least one set of historic photos. The range is no longer; 

active, has been filled in, and no obvious evidence of it exists in it’s former location.~+, . y , ::’ ;” i‘, -&;;i “:> : f y: 1 ‘I’ 

The otherarea of potentia! concern is a small-compfex of maintenance buildings located approximately: .- 
400 feet southeast of Ske 8. , These buildings appear,to.be used primarily for storage and maintenance of 1 I 6 
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Neither area had been studied during any of the past investigations at NAWC Warminster. l.t ‘:: -:J, , 
:. ‘, ‘_ :‘:,j.(.‘;. “_ ” ,. “.. (1 ‘_ II ..,.,, 2 ,.. ,>_,, ‘. 

SCOPE OF PREVIOUS GROUNDWATER INVESTIGATIONS FOR AREA C > ’ - . 

Previous Investigations for Site 4 

Ten monitoring wells were installed at Site 4 during previous investigations, which included a Phase I and _ 

a Phase II Remedial Investigation (RI). These wells comprise fiie well clusters, each consisting of ‘an ‘.’ 

overburden well and a shallow bedrock well. -The distribution of hydraulic head in these wells indicated that- 

groundwater fiow in both zones is generally to the north. Low levels of chlorobenzenes and phthalates were :: 1 

found in these wells during the Phase II RI. :. .‘. ,,’ : ‘- ” ’ : ‘-. ;’ , ,. , z. : i .:‘ _ 

S! ,I.* , ;; .._, ̂  

A soil-gas field screening program and a limited subsurface soil investigation program (three confirmation 

borings) were performed within Site 4 during the Phase II RI. The soil-gas survey found slightly elevated *,,1 

VOC readings of between 1 and 15 ppm at nine stations scattered throughout Site 4. Subsurface soil 

samples taken at ,the locations ‘of the elevated soil-gas ,readings detedted single occurrences of PCE,+:: 

ketones (acetone and P-butanone), ethylbenzen&ylenes, PAHs; -and a polychlorinated biphenyi (PCB)., :’ 3 

Samples collected during the Phase II RI from two of the four monitoring wells (46 and 47 feet deep]) in this 

area con&in& PCE at 1J and 3J pg/L ,.‘, : * ; .;F:““* / ;>-?‘;‘F. :: ‘:: ‘.‘,I ,, .._. <! ;:, * j !< -1 “, ->‘ 

) ‘a “!,‘,‘:;!‘g : .. :,: ,i.,,‘.‘,’ :: ‘: : :.,: -_**‘,iil .: ,,~ ., :) ” (” ,,; , _ ,, : ; ; .2’;.. * 1’s’: 2 p.$ i .-.! - _, ..11. . . ..ph. t 

A soil-gas field screening pio@ati ifid a’ litiited sutface and &ub&ir;ace sbll progGm w&&e’ @&.%&xi within 

Site 8 during the Phase II RI. The soil-gas program found elevated readings adjacent to the older, 

upgradietit -training’ area: ” Surfa‘ce:‘a~d subs&ace -soil &hpies takeri & the ‘s&l-‘$a,” hot sp& revealed 

elevated levels (above background) of polycyclic &ot$tic t-@d&arboni (PAHi) in the &II%% soil; the PAH 

levels in the subsurface soil were roughly comparable to background levels. Only one chlorinated solvent 

(1,4dichlorobenzene) was detected in one‘surface S6il sambIG:” ‘. ‘(“ “* * 
_,I,, I”? . ...‘.. .~.; . . . . I .’ 

- ‘, * $.. : f:“;. , . . ,,‘.. : . . . i. . . . ,,,, , ,..” l_., ..w. ::‘. : ,..‘. ,i 

OffBase Gro”ndwater contamination 1’ .,” ~ ,2 y;.: :-‘: <>, “I :.‘. i: :, T i ,: :: .;:I: .::r::.y !.:i’. , .7:3-; i 

~i3 -, ,: ..‘_: ,.’ , ,; ~1 : - .,,. ;: 1 ;c;ug ~;;i;,:‘L;“* .“:,‘rg.: i ” : .l ,.” ‘! J : ‘7 ‘7 .~ 1 :; ,: :,; ,I: 

In June 1993, the Navy tested off-Base wells located north of Area C, including the residential wells on Kirk 

Road that lie” adjacent to NAWC Warminster and b&wei%“‘Sites 4‘ and 8. Th& resblt& of this ‘sampling 

program revealed that sti of the‘ residential w&Is on’ Kirk Roa’d ~&t&in&i l&els ‘of t’e&dhloro&&ne (PCE) 

at concentrations at or above 5 pg/L, which is the MCL for PCE. The results ranged from 5.3 to 314 pg/L 
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In response, the Navy provided water treatment systems to residences in the affected area. In addition, I 1 

these residences are being connected to public water. A review of the existing data for Sites 4 and 8 did 

not indicate that either site was an obvious potential source of this contamination. _ I :: w : .._ . . .a__ 

SCOPE OF THE OU-3 REMEDIAL INVESTIGATION 

The information generated during the ,previous investigation, historic site information, and ,discussions ; 

between the Navy, EPA, state, local consultants, and Halliburton NUS were used to develop the scope of 

work for the OU3 field investigation. The OU-3 remedial investigation field work consisted of the drilling, I 

logging, installation, and development of. 17 monitoring wells and one piezometer at nine locations, the .,; 

sampilng and analysls of 30 monftorlng weils, and the measurement of hydraulic heads for all wells wlthln :’ 

Area C. 

._ 

..- S..‘, ,. :~y.$;““i’ “f*::*‘,“” 
.. 

_ ,. 
‘.;,,:;.;-,.. ‘,.‘l. (, j_ .‘L- *.-’ 

‘l.;~‘.~ ._.(_. _, t :.., I_\ 

..,,. 
,..+..;.-., ; 

I 3s: . -. ., / .; ._,-j.. .:, ,s’-. ,... 
,. j:,.;;. I 

MAJOR FINDINGS.; ; .:, >::. :‘: ..Y :: .I .: .-;:.: ::‘,.’ ;.:, _;\:_ .: :-, ,:, ,;;- ..!: 
, :. 

;:-: >>; -., .~,, ~~---.- . ..- 
\.b..,:? /: ,. 

j ,_ . . (, j.. ‘; 
.,. ,e. . . 

:. c‘ ?: :” : : \. .,_ 

,..I ,: * 

, .,,. :-, _.._ .., 

,.. “, s _.l,:,.- ..,,.., 
,:-:zf-z;,“; ;,-5;; jg; ;::;‘d ;:’ ;,.>:::’ ; ; ;p.“‘.‘;‘:T~ <; ‘; -;~;‘I~i~t’.~“.; ;; :,;,,A’ 

Based on the findings of the -0U-3 RI field investigation ,and : data evaluation,.. the :following are the :.;: 

conclusions reached regarding groundwater conditions.within and adjacent to Area C:;i.;i: 91:.~ :ji’,::<, zq:I,. _ :.$ 

0 Groundwater flow across Area C occurs primarily within the -bedrock underlying the area; _j, ,...I 
fractures within the rock mass are the principal migration pathways for groundwater in bedrock. 

.‘ .;.. ’ *I : . : .: ; ;, ” ,::: J, ~ .’ : _’ ;,:,: ‘-,‘.-.; , . ._:%r..“,‘,’ : .L. ,-.. ,i ,~ _. rf:~ ,.-, 

0 The bedrock underlying the study area consists of alternating layers of fine-grained and coarse- + I -. 

grained rock units that are laterally persistent on a local scale. The rock units generally strike 

,. . . to. the east-northeast and dip to the north-northwest at about ,8 degrees,:, ‘::.! cz ,-.:. Yt;L2.: i.i,a,c;.,;cz.,2 .. .,. L ,.,,,,. ,,* .>^ ., _I . _ r I” 
.“I .“. i I: 2.. I .., . . .I : ._,. I :. ^ :: .._ I.i~ ,,.. \...” ,.__, .,_. : ,.r ‘Q,’ ,.,,, iu”,,Ji,, ;: s,:‘:’ 1.’ ;, ..,x;:,;.; c,” yj-+‘/lj:i y> .2r::: 

0 i : S~$!?w groundwater flow across Area _ .., .: I u,. . _.a :.-, 1 ..,.. L’. C is to the north in, the general direction of the ,slope of iLl ..‘ ._. 

.;- -., + ground surface topography and bedrock dip. :,?... .~rY:i*V. :’ tiI ,., ..‘.,. “..,_ :, : ,:. “+ ;” .” ;“‘j ‘fi : -J//j;.:) &~;*-;f &: p,‘“: ‘,; 

._( ,$-; .,:w.. I I.. “_ ..’ i-,;,: . ..,-: ..lllS .;. ^ >l _ ,,. .I*. ,., ..!..i.. i._, I _,_.. I ,.._ ;: :,‘.+--,, :;ri 9 ” y ;,.,;: ‘. I>: “‘;T i”; +-;>,.:: 

0 A low concentration plume of PCE has been ider#fied in the ,vorthwestern portion-pf Area C, 1 
“r 

extending off site to residential wells north of Kirk Road. No obvious source of the PCE has .- 

been identified, as there was little or no PCE detected in wells. Installed within the potential :; _, _:_ ” . .._ ‘.’ I. ._ --..., ‘-4: .-. .c. I __, _ ._._ ( : 
source areas (Site 8, firing range, maintenance area) identified to data near the plume. 

__ 

<’ ‘)i .: ;, ::,, ; ‘..,:‘. ‘II-. I r;.: ~,. .- /” . . , . .\_.’ (,’ ..:. _, :<.,. :*:,.:i : .* ., ..:, _,_, :‘!;,’ i-s -I” 

0 Due to the relatively low concentrations of PCE found near Kirk Road and in potential source ;‘; I 
.” areas, it Is considered likely that there is no well defined, high-concentraiion source area for the :i ‘. ;. ,L ., *,. I. . 

” r I . . _, ~ ‘., : i,.;;;P,‘,..“ “. ” ‘, I j : L:*::“; : :‘-,: ,. ~. : : ; :,, ,+.A, * ._. ,~ ,,,- il-^.:i;,.,a .,.., r F ,:. r.~...:..j,*‘.,.; ,_.,. :r*~:.; 3.: 
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PCE. The pattern of contamination observed to date is suggestive of several discrete, minor 

releases rather than a long-term, higher intensity source. 

The presence of a significant upward head differential between the deeper bedrock flow zone 

monitored within Area C, and the shallow bedrock zone is expected to act to prevent 

contaminant migration to the deeper portions of the bedrock aquifer. 

Carcinogenic risks related to Area C are approximately 1O.s for current potential users of 

groundwater in offsite areas and are driven by the PCE. Calculated risks are within the U.S. EPA 

target risk range. 

Carcinogenic, risks related to Area C are approximately 1 O4 for potential future receptors and are 

driven by arsenic and beryllium, which are naturally occurring and appear to be found at 

representative concentrations below background levels for the area. 

Noncarcinogenic risks are driven by antimony, manganese, thallium, and arsenic. Antimony, 

manganese, and arsenic are naturally occurring and appear to be found at representative 

concentrations below background levels for the area. There was only one positive detection of 

thallium (unfiltered sample only) in Area C. 
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1 .O INTRODUCTION ; ‘) .., / 

:. 

‘. ; 

In response to Contract Task Order No. 159 under Contract N62472-90-D-1298, Halliburton NUS Corporation 

(HNUS) is submitting this Remedial Investigation (RI) report for.the Naval Air Warfare’Center (NAWC) 

(formerly the Naval Air Development Center), Warminster, Pennsylvania. This work is part of the Navy’s 

Installation Restoration Program (IRP), which is designed to identify contamination of Navy and Marline Corps “I’ 

facilities resulting from past operations and to institute corrective measures as appropriate. : IRP activiiies ’ 

are typically performed in four distinct phases. The first phase consists of a Preliminary Assessment (PA) 

followed by a Site Inspection (SI). The third phase is a Remedial Investigation/Feasibility Study (RI/FS), 

which is intended to characterize physical and chemical parameters and risks associated with the facility. 

The last phase consists of remedial action designed to control and mitigate contamination. This report is 

prepared under Phase Ill IRP activities. 
. _._ _ ,, .a’. % 

In addition to meeting the objectives of the Navy’s IRP, the purpose of the RI is to rrieet the. requirements 

of CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act of 1980); & amended ” 

by SARA (Superfund Amendments and Reauthorization Act of 1986). As such, the RI should’inv&tigate the 

nature and extent of contamination associated with all hazardous substance releases at the facility that are 

not regulated and are not being investigated under the authority of the Clean Air Act, Clean Water Act, the 

Resource Conservation and Recovery Act (RCRA), and other Federal laws. 
;_ .’ ~ .,‘.‘<;.‘..,: “.‘..C ‘_,‘,_ :.‘,C ..!: a ., . ;_j .: 

Section 300.43O(a)(l)(ii)(A) of the National Oil and Hazardous Subs&nbes Pollution Contingenky Act (NCP) 

provides that hazardous substance facilities should generally be remediated in operable utiis wheri early’:’ 

actions are necessary or appropriate to achieve significant risk reduction quickly, when phased gna!ysis or ” 

response is necessary or appropriate given the size or complexity of the site, or to expedite the completion ‘: 

of a total cleanup. Operable Unit 3 (OU-3) at NAWC Watminster has been identified to facilitate these 

objectives. ; ,_:,. . . I.:“‘. .\: .I .‘, :. ‘,.,. ‘. , a.. .,.’ ; 

‘,. _. ,- : 

1.1 PURPOSE OF REPORT 
I. . . _ ._. “. 1% _ r :. 

,‘:. . ,.‘::‘,,., ‘, : ~- I 

The purpose of this report is to present the results of the groundwater-related Remedial Investigation ” 

conducted at NAWC Watminster for OU-3. Operable Unit 3 has been defined as contaminated groundwater 

in overburden and shallow bedrock attributable to Area C (including Sites 4 and 8 arid adjacent areas). D&a “I’ 

from this investigation is used to conduct a baseline risk assessment for gr&ndwater, which is also’included 

in the report. The risk assessment determines where unacceptable risks to human health have been 
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identified. The report also forms the basis for a feasibility study for OU-3 to evaluate remedial alternatives 

for identified groundwater contamination. 
- 

1.2 OVERVIEW OF IRP PROGRAM AT NAWC WARMINSTER 

I 

NAWC Warminster is listed on the National Priorities List (NPL). The NPL includes those sites that appear .- 

to pose the most serious risks to public health or the environment. The areas of concern identified to date 

includeeight waste disposal sites originally identified under the IRP program. These eight sites are located 
_- _. 

on NAWC property and are as follows: 

. 

0 Three waste, burn and disposal pits (Sites 1, 3, and 6) 

,.. I ” :. ; 

. 
-. 

0 Two sludge disposal pit area (Sites 2 and 7) _~ , 

0 Two landfills (Sites 4 and 5) ,,‘.. ‘. !.._.> .- ,. 

0 One fire training area (Site 8) : 

Historically, wastes at the facility were generated during aircraft maintenance and repair, pest control, fire- : 

fighting training, machine and plating shop operations, spray painting, and various materials research and :. 

testing activities in laboratories. These wastes included paints, solvents, sludges from industrial wastewater 0,; 

treatment, and waste oils. Table l-l summarizes the disposal history and types of waste deposited at these 

sites. None of the sites are currently used for waste disposal. , .‘T._’ “” ,. 

‘. 

Although all sites are being investigated as part of the RI process, this report focuses on groundwater 

contamination in the overburden and shallow bedrock within Area C, which has been defined to include IRP : 

Sites 4 and 8 as well as immediately surrounding areas. For NAWC Warminster, remedial actions are being 

implemented in phases as appropriate using operable units to manage problems and expedite the reduction 

of risks posedby the facility. .. . . _ . . . ..> ,. ., ..,’ * 1,. .y: I’..,;.’ _, <, ..-‘: 

I ,... ‘:,I . .._ _, _ I. ‘: .,. ‘I. / . .I : ‘ :, I +. “C- “, ; ” , .’ .:: ,Irr,;,;.$ i--*.’ ;. i 

Three RI’s (Phase I, Phase II, and a Focused RI for Groundwater) were conducted at the facility, including 

Area C, between October 1989 and May 1994. Phase I was performed between October 1989 and 

January 1991 by SMC Environmental Services Group (SMC Martin, 1991). Phase II was performed between 

May 1992 and September 1992 by HNUS (Hallibutton NUS, 1992 and 1993a). The Area C portion of the 

Focused RI was conducted between January and May 1994 by HNUS to address groundwater-related data 

gaps that were not completely addressed during the earlier studies. A Restoration Advisory Board (RAB),* : 

which consisted of representatives of the Navy, the United States Environmental Protection Agency (EPA), 

the Pennsylvania Department of Environmental Resources (PADER), the Bucks County Health Department, 
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Site No. 
I 

Dates of 
Operation 

1 1940 to 1955 

2 
I 1965 to 1970 

I 

4 1966 to 1970 

5 I 1955 to 1970 

7 - 1950 to1955 
I 

8 1 1961 to 1988 

-r 

TABLE l-l 

SUMMARY OF WASTE MANAGEMENT AND SITE OPERATIONS I 
NAWC WARMINSTER, PENNSYLVANIA 

.‘. .’ ‘. 

._ . Types of Wastes ! - j 
‘\ 

Paints; -oils, asphalt, roofing material, unspecified 
chemicals, firing range wastes 

< ., 
,. 

Industrial wastewater sludges 

Solvents, paints, roofing materials, and unspecified 
chemicals 

Non-industrial solid wastes; paints, waste oils, waste 
metals; construction debris, solvents, and sewage _. 
treatment sludge .; c:- p 1 ’ I 

7 disposal. trenches 

Paints, solvents, scrap metal, and 30 drums of asphalt ’ 6 to 8 disposal trenches 

Paints, solvents, demolition wastes, waste oils, other 
flammable wastes, and grease trap wastes:. : . 

Industrial wastewater sludge 
., -, ‘.f ” I 

Aviation fuel, lubricants, coolants 

Method of Operation 

~ Burn pit within an eroded 
/ ravine 

. . 

2 dlsposal trenches 

Burn pft 

Unknown number of I Various solvents, driers, 
disposal pits or trenches pigments, lead, PAHs 

2 dlsposal trenches . 

Flre-fighting training area 

Potential Hazards .‘” 

Various solvents, driers, 
pigments, PAHs, creosote, 
phenols, asbestos, binders, 
lead 

Biological wastes, heavy 
metals 

Various solvents, driers, 
pigments, asbestos, binders 

Various solvents, driers, 
pigments, lead, PAHs, 
biological wastes, heavy 
metals 

Varlous solvents, driers, 
pigments, creosote, phenols, 
PAHs 

Biological wastes, heavy . 
metals 

PAHs, PCBs : 

i : ;: . ; 

Adapted from:SMC Martin,‘1991 (Tables 1-l and 4,3-4): 
_’ ‘1 {: s . 

_’ :.: . ,. ,. 
.I _’ _‘, . 
,: -/ .. - ., 

,’ L’( _ : 

> 

:-. : 

:’ _’ 
‘. ‘I ( : 

:, 
I .“. f ‘_ c. ,. 

. 



Northampton Township, Warminster Township, lvyland Borough, and Upper Southampton Township 

participated in the planning and review of these activities. 

The results of the Phase I and Phase II studies are summarized in this section. A detailed discussion of the 

work performed during the focused RI for Area C groundwater forms the basis for the RI-report. ..! 
., .(i. . .- 

1.3 FACILITY BACKGROUND AND HISTORY I ’ :- ’ I 
. I. 

This section describes NAWC Warminster and provides a brief synopsis of the fatiility’s..background and 

history. More detailed discussion is provided in the Phase II RI (Halliburton NUS, 1993a). 

1.3.1 Facility Description 
,: 

<-, ~.. : 
; ,_ .$ ; 

NAWC Warminster is located approximately 28 miles northeast of Philadelphia,, mostly in Warminster _ .‘! 
Township, Bucks County, Pennsylvania. The facility can be found on the United States Geological, Survey 

_. ,__ 
(USGS) Hatboro 7.5-mhute’topographic guadrangle map, a po&n‘qof which is reproduced as Figure l-l. 

The total area of NAWC Warminster is approximately 840 acres. The facility lies in a populated suburban 

area surrounded by private homes, various commerdial/industrial activities, and a golf course. On-Base : 
areas include various buildings and other complexes connected by paved roads, the runway and ramp area, 

.‘. I/ 
mowed fields, and a small wooded area. 

.‘. ‘. .- : 
,. 

The longest runway is generally located along the topographically highest area at the facility. Many of the 

primary facility buildings are located west of the airstrip, along Jacksonville Road. A housing development ~. 
for military enlisted personnel is within the southeastern portion of NAWC W&minster. The on-Base ). (’ .( 
wastewater treatment ‘plant is located in the northwestern corner of the facility.: NAWC Warminster has “6 
approximately 3,000 employees, and 1,000 people reside at the facility year round.. The facility is &ted I. . . / 
on a ridge, generally oriented east-west, with elevations ranging from 297 feet at the northwestern property 

boundary to 377 feet at the eastern boundary. Slopes are gentle and average 3 to 5 percent. The northern . ;’ < ‘, 
portion of the facility (about 65 percent) drains into small, unnamed tributaries of Little Neshaminy Creek. 

The remaining portion drains into unnamed tributaries of Pennypack Creek. L1 .. +.I 

NAWC Warminster is underlain by the Stockton Formation, which provides water for more than 

100,000 people within the, vicinity of the facility. Local surface water bodies are used for recreation and 

industrial purposes. ^. 

-- 

.- 

. I  

_- 

R-06-94-2 l-4 





, ,: 

,’ 
., ..” 

. . . 
I 

., ‘\.’ 
1.3.2 Facility History. -. ” ‘, , 

: 

The facility was originally the location of Brewster Aeronautical Corporation, a manufacturer of military _. ’ 
aircraft. In 1944, the Navy assumed full control of the Brewster plant. The Naval Air Modification Unit was ~ 

installed at the Base to add design modifications to military aircraft produced at other locations. -After World f’ 

War II, activities at the Base were altered; in 1949, the facility was designated the Naval Air Development +i:~‘_ 
y 

Center, and its main mission has been research, development, testing, and evaluation for Naval aircraft ..* 
systems. NAWC Warminster has also conducted studies in anti-submarine warfare systems and software ?‘ ^- 
development. The facility name was changed. to Naval Air Warfare Center, Aircraft DNision, on 

January 1, 1992. NAWC Warminster is scheduled for realignment under the Base Realignment and Closure . 

” (BRAC) Program managed by the Department of Defense (DOD). This’ realignment, which Is due to the 

downsizing of the entire DOD budget, is tentatively set for 1996; however, this timetable is still being 

developed. As such, the future use of the NAWC Warminster property has not been finalized,.at the time’of ,, 

- ,, 

‘1 
‘.. ;;-: ;., ;, ; ..,. .; 

- 

-- 

this report. 

EPA officially recognized the NAWC Warminster sites as possjbly needing investigation in September 1979.. -:?:! I % : 
In November 1979, EPA completed a PA. ln’l980, the Department of the Navy began its environmental”~’ 

‘. ~ . *. .I .‘. , 
investigative work at NAWC Warminster. On October 4,‘1989, NAWC Wanninster was placed on the NPL&;.-. z: 

That same year, EPA submitted a draft Interagency Agreement to the Navy for formalizing and scheduling :‘.+I ,’ 
remedial activities. On September 20, 1990, the Navy and EPA,signed a Federal Facility Agreement outlining I’ 1 ., ‘. - 

a process for conducting CERCLA activities at NAWC Warmfnster. < ,._ .I 
1 ..;I .j 

.’ ‘, I : “: 

1.3.3. 
..:, ;, -. ,, -’ * __. \ ‘: ’ u.., 

:’ ., -- ‘T -.‘.x. 
Environmental Investigations : “I’ .i . >:,. -. 

,’ ,I “__ “’ 1 ..~ ,j. i 
.;” ? ;-:. ‘;- ,. : - ,F .*,.*-..” :. .._ . . ~” . . ,.,-.. ; :,- ‘. / ,. “;“< ._-_ 1 y-. 

, ,.-,:I ~ 
_ ‘?;: 

To date, the NAWC Warminster sites are being addressed, by the Navy in three long-term ‘remedial phases.,...,‘! .i /. ‘, 
The study for the Phase I Remedial Investigation began at the end of 1989 and was completed in April 199! .:::;a 

(SMC Martin, ‘19&J Phase I involved mapping volatile organ& 6ompounds (VOCs) in soil-gas and detecting :,.’ .’ ; 
: 

magnetic and .conductive anomalies through electromagnetic surveys. Approximate site boundaries were , .l’.: ; . ..~ ‘> 
identified and investigation of site contamination was made through soil borings, installation of neti %‘,.‘:’ 

_ ” . . . . - . _.*_ 
overburden and shallow bedrock monitoring wells, and groundwater sampling and analysis. In addition, test i ’ . . 
pits were excavated, local wells were inventoried, .and a fracture-trace analysis was conducted.:, ’ ’ “’ ; ; 

-’ I i v ‘?. _ . ,._ ._.,. . ., . CI. ’ i. %..tL: : ,._. ;. ;. _ ,., /_. “,. .,- ..* 1 .l 1 .i Ul 
-The Phase II Remedial Investigation began at the end of 1991 and was completed in April 1993 (Halliburton 

NUS, 1992 and 1993a). Phase II involved installing additional overburden and shallow bedrock monitoring 

wells, sampling and analyzing groundwater, and evaluating aquifer characteristics through water level 

monitoring and a pumping test. Four off-Base wells were also sampled. At the end of Phases ‘I and II, the 
) ~. .: 
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Navy and EPA selected a remedy for contaminated shallow groundwater attributable to Sites 1, 2, 3, 5, 6, 

and 7 at the Base. This was the first CERCLA remedial action selected for NAWC Warminster. 
,.; .:_ ,, , _ __I’ ., 

After Phase II was completed, the Navy initiated other environmental investigations to more fully determine 

the nature and extent of groundwater contamination attributable to NAWC Warminster. In April 1993, the 

Navy began a comprehensive well testing program for nearby welis.in the vicinity of the Base (Halliburton : 

NUS, 1993b). In addition, further groundwater investigation activities at the Base began in October 1993 

for Area B (Sites 5, 6, and 7), ‘January 1994 for Area C (Sites 4 and 8) and February 1994 for Areas A 

(Sites 1, 2, and 3) and Area D (Site 9). ,The RI field work for -Area C groundwater was completed in 

May 1994. The Navy is currently conducting additional environmental studies at the Base and is planning s 

to investigate other media associated with NAWC Warminster under the RI/FS process, including 

groundwater in deep bedrock aquifers, wastes, soils, sediment and surface water. As such, the Navy will - 

conduct further studies at Area C to address contamination in other media. LX :.., i:‘! Y::’ I’ ‘, ‘j: G:,‘:‘: 
‘. ., \ : ‘_ . ‘. , : .;,-, I ‘# ./:=..:.,, ., ‘. ‘. ̂  : .,-i;., .; _,;. <_’ 

1.3.4 aher Operable Units ,:. 
.. I_: .‘:,.,‘;‘. c .,;:; : y;-, i ‘, ;;::-.:.,p .I. : -:jA-:- y(: , 

_. ‘. 
,.;,i;“. ‘: T’ : “-, 1 ,-‘... ; ‘,-:y,. c.: ,:,:‘ ,I ;- _ 8 

: -.,, I .,~.-‘y-~:~;-, 
,./, “.,&&.h s:..: .., , ‘,“‘” ..‘^“,: 

: +, ,;,“:‘;’ “I ,\ ;, A;.. +~ +:,. I ‘. i 
.* 

,. _ _ li.,%.. :. ,.-1 .?.’ :-.‘,.a 

in April 1993, the Navy completed “RI and FS reports’ for .Operable .Unit 1 (OU-1), ‘which consists of. 

contaminated groundwater attributable to Areas A and B in overburden and-shallow bedrock (Halliburton 

NUS, 1993a). ‘In September ,1993, the Navy and EPA finalized and signed a Record of Decision (ROD) for :: 

OU-1. The ROD selected an interim remedial action for contaminated groundwater attributable to the facility 

in overburden and shallow bedrock aquifers. A design for the interim groundwater extraction and treatment 

system will be finalized by the end of June 1994. 
. 

; _ \, ;.‘j :,A..~;‘,,*.,. i ;,;..,- . ...*.,, ..: “r;.lv,.. - ;; ;,;>$. 2 .:*..: ,- .,.,. ,.....__r I” 

In April 1993, the Navy initiated an off-Base well testing program in the vicinity of the Base. Between April 

and August 1993, the Navy sampled more than 250 off-Base residential, commercial, and municipal wells .- 

(Halliburton NUS, 1993b). Most nearby wells were unaffected by the Base, however, levels of some volatile I’ 

organic compounds found in residential wells exceeded federal drinking water, standards. ’ To facilitate a:;: 

response action for this off-Base contamination, the Navy and EPA created a second operabie unit, OU-2, -? 

which is defined as contaminated groundwater associated with residential wells located on Kirk Road north .Y 

of Area C and residential wells in the vicinity of the Casey Village area southeast of Area B. The Nlavy has 

conducted a CERClA removal action for OU-2, installing water treatment systems in residences affected by 

groundwater contamination and hooking up residents In the vicinity of Casey Village and Kirk Road to a ‘: 

public water supply system. 
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1.4 Area C HISTORY AND DESCRIPTION 
^- 

This section describes the history and description of the known and potential sites within Area C. The 

general site features within Area C are shown in Figure l-2. 

1.4.1 Site 4 - North Runway Landfill 

Site 41s a grass-covered area just north of the main runway along Kirk Road and south of the patrol road. 

The Site is located at approximately the mid-point of the runway. The location of Site 4, based on the 

delineation of waste material, is shown in Figure l-2. c 

,. 

The Site is the largest of the NAWC Warmlnster waste disposal locations; it is less than 100 feet from the 

edge of the facility boundary. This Site reportedly was operated from 1966 to 1970. Up to seven trenches 

on the site reportedly were used to dispose of non-industrial solid waste, paints, waste oils, waste metals, 

construction debris, solvents, and sewage sludge from the sewage treatment plant.’ Some drainage from 

this area intersects the unnamed tributary of Little Neshaminy Creek, off site to the north of Kirk Road, near 

Munro Park. Several offsite residences are present within 200 feet of Site 4: I : ‘?...‘,, ” .I. 
( ‘., ;::;., ‘. : / ” 

Each trench at the Site was reported to be 12 feet wide, 1,000 feet long, and nine feet deep. Approximately 

25,000 cubic yards of wastes were deposited, and each trench had a potential capacity of 3,600 &.rblc yards.’ 

It is not known whether wastes were segregated prior to disposal or were placed randomly into each trench. 

,? 

- 

“e.. 

- 

- 

1.4.2 Site 8 - Fire-Fighting Training Area 

. . . 

The fire-fighting training area (Site 8) is found in an open grassy area within the fenced area of the NAWC I’ 

Warminster property. The site is located north of the main airstrip at the northeastern end of an abandoned 

runway (Figure l-2). Directly to the northeast are Kirk Road and Werner Park. Werner Park is bounded by 

the small creek formed from runoff from Site 8 and the unnamed creek that begins near Site 4. The site is 

about 500 feet from the NAWC Warminster fence and 1,000 feet from Base housing. A cement drainage 

culvert receives runoff from the site and discharges this runoff to an unnamed tributary .of Little Neshaminy 

Creek to the north. Scattered single-family houses are located northeast of Werner Park. Immediately 

northwest of Werner Park and northeast of Site 8 are single-family houses. ,,. 
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The training area consisted of a 75 by 75foot portion of the runway surrounded on three sides by a double 

berm. The berms were approximately 3 to 5 feet high. The site was used for fire training exercises from 

1961 to February 1988. Typically, flammable materials were poured on the runway, ignited, and extinguished 

to simulate fire-fighting procedures. 

During 1981, JRB personnel noted an apparent drum storage area adjacent to the bermed fire training area 

(JRB Associates, 1981). Materials reportedly kept within this drum storage area were lubricants and 

transformer coolant oils. In thepast, residents along a tributary north of the site complaikd about white 

foam (perhaps aqueous film-forming foam) floating in the neighborhood tributary after fire-fighting training 

exercises were held. 

In October 1986, PADER recommended excavation and disposal of residue and contaminated soils at the 

Site. PADER also suggested that the area be lined to protect groundwater and surface water during fire- 

fighting training. By October 1988, the double soil berms had been removed. NAWC Warminster personnel 

reported that these berms, along with residue, trapped liquids, and soil from eroded areas, had been 

analyzed and removed. The removed material was deposited ,in an area adjacent to Site 8, and the Site 

itself was regraded. 

In the past, surface water was observed to collect within this area. Typically, 6 to 12 inches of water ponded 

at the site. Aviation fuel, scrapped cars and aircraft, and other debris were reportedly stored and burned 

within Site 8. An estimated 3,000 gallons of aviation fuel were disposed annually at Site 8. Historical aerial 

photos indicate that two areas on the abandoned runway were used as burn areas. The qfder area was 

about 100 feet southwest of the newer area. L .,. I 

1.4.3 

,‘ _^. -, *: .. : ” 
Other Potential Sites Within Area C 

,: 
‘- \’ 

‘ ‘, < I .‘^. ._ . :.a ; .r\ )I j,. 1.; ! “;.” ,; :, _j 
Based on a review of aerial photos and on field observations, two other areas of potential concern were 

identified. Historical aerial photos documented the presence of a pistol range. within Area C in the past. , 

The range was located approximately 800 feet south (upgradient) of Site 8, as shown in Figure l-2. There 

is evidence of standing water within the pit dug for the range in at least one set of historic photos. The 

range is no longer active, has been filled in, and no obvious evidence of it exists in its former location. 
‘, ..,.i -’ 

The other area of potential concern is a small complex of maintenance buildings located approximately 

400 feet southeast of Site 8 (Figure l-2). These buildings appear to be used primarily for storage and 

maintenance of lawn care equipment, based on field observations. :. 
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Nelther area has been studied during any of the past investigations at NAWC Warrninster, nor has any” 

historic information been found suggesting that these areas may be significant sources of contamination. 
. ./ 

1.5 PREVIOUS INVESTIGATIONS RELEVANT TO Area C - .‘. 
^ . *.. 

!. 4 :,.: :, .‘ 

1.5.1 z Previous Investigations for Site 4 :’ 7 ‘: J’,, ’ ~.- ! 

I _ ‘,,- ., ; I. ., : ‘_.. ^. .“Y ,, 

Ten monitoring wells were installed at Site 4 during previous investigations (see Figure 2-l for well locations 

and Table 2-l in Section 2.0 for well construction summaries). These wells comprise five well clusters, each. 

consisting of an overburden well and a shallow bedrock well.: The distribution of hydraulic head in these : 

wells indicates that groundwater flow in both zones is generally to the north. Low levels of organic. 

compounds were found in these wells during the Phase I (SMC Martin, 1991) and Phase II (Haiiiburton NUS, 

1992 and 1993a) remedial investigations. in particular, 1,2,4-trichiorobenzene was detected at 2 lug/L and 

1,2dichiorobenzene was detected at 3 pg/L in one downgradient shallow bedrock well (DG-16). In addition, : 

phthaiates were detected in several wells at levels between 0.2 pg/L and 2.0 pg/L; their occurrence does’: 
not form a recognizable pattern: . ;,:, 1-. ‘.:,, :’ ;,.: ; i”) ‘-” “. , ‘I ” :,_ ‘.: r,~:.~ ‘.’ “‘I’ .;:‘, :I,: ._,. . . 

.: ,I. _: “, #’ ~,.~ ” i, _ .:- :., I :I >.“ ~ &.I:’ : ? ., f-. ,.” ._+ ” i..‘.., ‘.’ /. 

A soil-gas field screening program and a limited subsurface soil investigation piogram (three confirmation 

borings) were performed within Site 4 during the Phase I and Phase II RI. The soil-gas survey found slightly’% 

elevated VOC readings of between 1 and 15 ppm at nine stations scat&red throughout Site 4. The&-’ 

elevation readings did not appear to form any recognizable pattern other than that they were nearly .” 

completely restricted to sample taken within surface depressions that mark the former trench locations (eight’ ’ 

of the nine detections). The GC indicated’that acetone and an unknown compound were responsible for 

the elevation soil-gas readings. Acetone, however, was also detected in blank samples, making its actual 

detection at Site 4 questionable. Subsurface soil samples taken at the locations of the elevated soil-gas i’ 

readings detected single occurrences of tettachloroethene (PCE), ketones (acetone and 2-butanone), 

ethyibenzene, xyienes, PAHs and a poiychlorinated biphenyl (PCB). Ail compounds except the‘ PCE were. 

detected in single samples; the sample containing the PCE (at 7.75 pg/kg) also contained only very low’ 

concentrations of polynuclear aromatic hydrocarbons (PAHs);. ranging from 3’8.2 bg/kg to 50.2 &kg.’ ” 
c ..’ : ,’ .; !. _. 

SMC Martin (1991) noted that the topography within Site 4 appeared to be hummocky, presumably due to 

differential settling within the landfill. Color variations in the grass cover were noted to create a banded or 

striped pattern. These color variations were approximately the same sizes and orientations as the landfill, _ 

trenches. I!. .._, I ‘ ; “:,, I , ,., I_ ‘,. ,-: : _’ ,, ‘% c: _’ . ‘a_ ‘: . . . . -. :; -:.-I 

-:‘ .; .’ ^’ . . .., ‘, . ; i’; y, ) 
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1.5.2 Previous Investigations for Site 8 .-* ‘.i I : ,... 

‘: : 

Four monitoring wells were installed at Site 8 prior to the OU-3 field investigation (MW-01, BG-05, DG-14, 

and DG-11). The locations of these wells are illustrated in Figure 2-1; the construction details are listed in 

Table 2-l. Wells BG-5 and DG-14 were sampled during the Phase I RI (well MW-01 had not yet been 

installed). Wells BG-5, DG-14, and MW-01 were sampled during the Phase Ii R!:,:: Well, DG-11 was not 

sampled during either investigation. because it is obstructed above the water table. 

- 

c 

.- 

,. ..(I : ..‘:” _’ . . .( _. ,..:. ..I ;. ,- .: ” 
m--. 

The Phase I results revealed PCE concentrations of 3J pg/L and 1 J pg/L in wells BG-5 and DG-14, 

respectively. The results were qualified as estimated (J)’ because the analytical values were’ below the’ 

contract required detection limit (CRQL). PCE was not detected in either well during the Phase. ii RI. Well 

MW-1, sampled only during Phase II, contained PCE at 2.0 &L ’ ’ 1 ” ..’ .,Y’ “” ” 
:- . . ,. ::. ‘.I.,-. .,. 1,/1 , (. .;. - E”. ._ ., . .,;,s.:.y ‘-. I . 

A soil-gas field screening program and a limited surface and subsurface soil program were performed within’ 

Site 8 during the Phase II ,RI.: The soil-gas program found elevated readings adjacent to the older, : 

upgradient training area. No samples were obtained beneath the asphalt/concrete of the former runway. ; 

The gas chromatograph (GC) indicated that the elevated readings were caused by acetone and two 

unknown compounds. Acetone and one of the two unknown compounds were also present in blank. 

samples, however. The. GC did not identify volatile, compounds characteristic of fuel products (e.g.,,-; 

benzene, toluene, xylene). Surface and subsurface soil samples taken at the soil-gas hot spot revealed: 

elevated levels (above background) of polycyciic aromatic hydrocarbons (PAHs) in the surface soil; the PAH 

levels in the subsurface soil were roughly, comparable ,to background levels. A chlorinated solvent 

(1,4dichlorobenzene) was detected in only one.surface soil sample at a level of 43 pg/kg. .i -:..:. :. I 

‘... / _I “I’ . ,,. _, >, ,., ,,, .‘..-.‘,. ..^ . . ::y.: 

1.5.3 : _ Off-Base Groundwater Contamination : ;_ . ‘: ‘: ., Jo,’ !. -., .*:$ :‘:: .:. *- ‘:‘- i. *,: :l:,‘;‘.;,.:;e~. 

- 

- 

-. 

- 

in June 1993, the Navy tested off-Base wells located within 3,000 feet north of Area’C for VOCs; including 

the residential wells. on Kirk Road that lie adjacent to NAWC Warminster and between’ Sites 4 and 8 

(HNUS, 1993b). The results of this sampling indicated that six wells on Kirk Road (see Figure 2-l) contained 

PCE at concentrations ranging from 5.3 pg/L to 31.4 pg/L. A supply well in Werner Park, sampled in the 

spring of 1994, contained PCE at a concentration of 14.0 pg/L. in addition, the shallow and deep wells at 

one residence (Rl) contained TCE at 0.1 J pg/L (estimated) and 0.4J pg/L (estimated), respectively. The 

supply well in Werner Park also contained chiorobenzene (7.6 &L), carbon tetrachloride (16.6bg/L) and 

bromodichloromethane (2.0 fig/L). A review of the existing data for Sites 4 and 8 did not Indicate that either 

site was an obvious potential source of this contamination. 
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1.6 :. GOALS OF THE Area C INVESTIGATION .. . 

The goals of the OU-3, as described in the Focused RI for Groundwater Work Plan A$ddendum 

(HNUS, 1994a), are to: 

l Determine the nature and extent of groundwater contamination in the vicinity of Area. C. 

< Further define the hydraulic characteristics of the Stockton Formation in Area C. 

0 Develop the hydrogeologic data base necessary to conduct an effective feasibility study 

for OU-3. 

0 Perform a focused feasibility study to evaluate remedial options for shallow groundwater 

in Area C. 

In addition to these objectives, potential risks related to groundwater usage will be quantified in this RI. 

Further source area characterization studies are also planned for Area C. These plans have not been 

finalized to date and will be performed in conjunction with other source area studies. This RI and FS will 

focus on groundwater impacts only and will not address source area characterization and remediation. 

1.7 REtiORT ORGANIZATION 

Section 1 .O discusses the purpose, scope, and objectives of this RI report and provides a brief background 

summary for NAWC Warminster. Section 2.0 details the field activities performed during the RI for Area C. 

This section describes the objectives and methods of each investigative task conducted at this area. 

Section 3.0 presents the Base-wide and Area C physical characteristics based on existing literature, previous 

investigations, and recently developed information and conclusions deriied from the RI work. Section 4.0 

describes the nature and extent of shallow groundwater contamination discovered at Area C during lthe field 

investigation. Section 5.0 summarizes the routes of migration and persistence of contaminants found in 

shallow groundwater at Area C. Section 6.0 determines the potential risks posed by Area C shallow 

groundwater to human health and the environment given the limiting factors of contaminant fate and 

transport. Finally, Section 7.0 summarizes the findings of the RI and provides recommendations for further 

Area C groundwater characterization or remediation efforts. 
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Several appendices have been enclosed as separate volumes of the RI report; these present specific results. 

of the field investigations (e.g., monitoring well logs, risk calculations). - 

: ,_, ,,i ” .- 
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2.0 AREA C REMEDIAL INVESTIGATION 

2.1 SCOPE OF INVESTIGATION 

The scope of the OU-3 Remedial Investigation field work consisted of the drilling, logging, installation, and 

development of 17 monitoring wells and one piezometer at nine locations, the sampling and analysis of 

30 monitoring wells, and the measurement of hydraulic heads for all wells within Area C. 

z” The tasks performed during the OU-3 investigation are described in the Letter Addendum to the Focused 

Remedial Investigation for Groundwater (Halliburton NUS, 1994a). In order to expedite the groundwater 

investigation, the planned source area investigation work (test pit excavations) described in this document 

has not yet been conducted. This work has been deferred to the upcoming Phase Ill RI currently being 

planned. 

2.1.1 Previous Well Installation Information 

Previous hydrogeological investigations of Sites 4 and 8 have concentrated solely on the shallow (generally 

~50 feet in depth) groundwater beneath this area. Prior to the present study, a total of 14 monitoring wells 

(ten at Site 4 and four at Site 8) have been installed to investigate the groundwater at these areas (see 

Figure 2-l). The depths of these wells range from 10 to 85 feet, with a median depth of 22 feet ancl a mean 

depth of 33 feet. Table 2-l provides construction details for these wells. 

c” 

The Navy began the sampling and analysis of off-Base wells in the vicinity of NAWC Warminster in April ‘1993 

(Halliburton NUS, 1993b). The testing included the residential wells along Kirk Road, located immediately 

north and adjacent to Area C (see Figure 2-l). The analytical results for these wells revealed PCE 

concentrations ranging from nondetect to 31 pg/L. While the construction details for these wells are limited 

(see Table 2-2), the available data indicate the presence of groundwater contamination in this area at 

subsurface depths generally deeper than the previous depth of investigation for groundwater contamination 

in this area. 

i) 2.2 OU-3 MONITORING WELL INSTALLATION 

Permanent monitoring wells were installed at various locations during the OU-3 Remedial Investigation in 

order to further quantify and delineate the groundwater contamination discovered during the previous 

s=-m 
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TABLE 2-1 

AREA C 
WELL CONSTRUCTION SUMMARY 

NAWC WARMINSTER, PENNSYLVANIA 

Well 

PREVlOl ISLY INSTALLED WELLS 

BG-2 WA 351.04 15.5 7.5 - 14.7 2 NA 

BG-5 WA 335.53 47 17 - 47* 6 2 

BG-6 WA 351.76 22 15 - 22* 6 1 

MW-1 N/A 326.65 85 18-85* 6 2 

DG-4 N/A 330.17 15.5 6.85 - 14.04 2 NA 

FOCUSED RI WELLS 

I overburden -1 
I --I bedrock 

1 bedrock I 

overburden I 

overburden 1 

overburden I 

bedrock I 

overburden I 

HN-23X 

HN-23s 

HN-231 

HN44S 

HN-241 

HN-25s 

HN-251 

334.13 

334.33 

333.93 

325.76 

326.39 

302.88 

303.28 

336.33 

335.88 

336.88 

327.26 

327.96 

302.68 

303.08 

12 6 - 12 2 -Cl overburden 

75 49-62 2 10 bedrock 

151 125 - 151 2 5 bedrock 

205 45 - 65 2 c-5 bedrock 

125 95 - 115 2 1 bedrock 

145 26 - 49 2 <l bedrock 

83 69 - 83 2 3 bedrock 
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TABLE 2-l (Continued) 
AREA C 
WELL CONSTRUCTION SUMMARY 
NAWC WARMINSTER, PENNSYLVANIA 

FOCDSED RI WELLS (Continued) 

1 HN-26s 1 345.17 1 345.00 1 53 

1 HN-261 1 345.55 1 345.40 1 205 

1 HN-27s 1 334.39 1 335.78 ] 105 

HN-271 333.81 335.65 158 

H N-28s 334.18 336.73 84 

HN-281 332.43 334.83 184 

HN-29X 334.53 335.83 10 

1 HN-29s 1 334.58 1 336.41 1 65 

1 HN-291 1 334.38 1 336.08 1 145 

1 HN30S 1 360.63 I 360.29 I 102 

1 HN-34s 1 329.00 1 328.76 1 105 

Monitored 
I nterval’a) 

Well Estimated 
Diameter Yield 

(inch) kw-4 

28 - 53 I 2 I 3 

-q-j-+ 

53 - 68 I- 2’ ~ I -Cl 

154-172 1 2 1 7 

4 - 10 I 2 I Cl 
38 - 59 I 2 I 6 

122-138 1 2 1 6 

68 - 83 I 2 I - 
87-105 1 2 1 3 

* Well completed as open borehole in bedrock 

Well Type 

bedrock 

bedrock 

bedrock 

bedrock 

bedrock 

bedrock 

overburden 

bedrock 

bedrock 

bedrock 

bedrock 

(A) The monitored interval is measured fr0.m ground sldlfa&$~d is equivalent to the sand-packed 
interval for wells installed with a screen and -‘r&zT$pe. For the wells completed as open 
boreholes in.bedrock (designated by an asterisk [*I), the monitored interval is equivalent to the 
-length of open borehole. 

I  

- . .  

“- 

- 

- 

(Bl Well obstructed above water surface. 

.- 
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FOCUSED REMEDIAL INVESTIGATION FOR GROUNDWATER 
AREA C HYDROGEOLOGIC INVESTIGATION 

CONSTRUCTION DETAILS FOR RESIDENTIAL WELLS ALONG KIRK ROAD 
ADJACENT TO AREA C 

NAWC WARMINSTER, PENNSYLVANIA 

Well Borehole Depth Casing Depth PCE Concentration 
(fo (4 ~SIL)’ 

R-l 20 NA 10 

R-2 130 NA 16 

R-3 116 NA 7.5 

R-4 110 NA 31 

R-5 125 65 17 

R-6 NA NA 5.3 

R-7 NA NA 0.3 

R-8 NA NA ND 

R-9 NA NA 14 

1 Off-Base Well Inventory and Sample Analysis Report for Naval Air 
Warfare Center; Warminster, Pennsylvania (Draft). Halliburton NUS 
Corporation, September, 1993 (except R9, which was sampled 
Spring, 1994). 

NA Not Available 
ND Not Detected 

TABLE 2-2 
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investigations. Monitoring well clusters were installed upgradient and downgradient of Sites 4 and 8 in order 

to evaluate the impact of these sites on the local groundwater quality. Additional monitoring well clusters 

were installed between Sites 4 and 8 to obtain hydrogeological data for that area to fully define both the 

horizontal and vertical components of groundwater flow throughout Area C and to identify any other 

- 

- 

potential sources of contamination. 

-- 

A total of 17 monitoring wells and one piezometer were installed during the remedial investigation. The 

location of these monitoring wells is illustrated in Figure 2-1. All of the wells were installed with either an 

Ingersoll Rand T-4 or T-3 drilling rig. The monitoring wells were installed either as single wells or as part 

of a well cluster at each location. The well clusters consisted of shallow- and intermediatedepth bedrock 

wells at all locations and overburden wells at selected locations. The number of wells installed at a location 

was dependent on the presence of any pre-existing wells at the location and on the data gaps identified 

during the scoping of the investigation. 

The monitoring wells were designed and installed to monitor the most significant water-bearing zone within 

a designated target interval. The highest yielding zone typically was identified as the most significant water- 

bearing zone within a target interval. If the interval contained several zones of similar yields, the results of 

the geophysical program (described below) were used to select the most appropriate interval to be 

screened. 

,- 

- 

-“. 

- 

- 

In general, the target intervals were from the ground surface to the top of bedrock for the overburden wells, 

from the top of bedrock to a subsurface depth of 75 feet for the shallow bedrock wells, and from a 

subsurface depth of 75 to 150 feet for the intermediate bedrock wells. The target intervals were based upon 

the goal of obtaining discrete samples in order to define the vertical extent of contamination and upon the 

observation from both the current and previous investigations that the Stockton Formation beneath NAWC 

Warminster generally consists of very highly fractured bedrock to a subsurface depth of approximately 50 to 

60 feet, and a less fractured, more competent bedrock below this depth. These target intervals, however, 

were used only as general guidelines. The actual depth of each monitoring well was based upon the depth 

that significant water-bearing zones were encountered. For example, HN-34s (projected to be a “shallow” 

monitoring well) monitors the subsurface interval from 87 to 105 feet because no significant water bearing 

zones were encountered in the shallower portion of the borehole. 

The boreholes for each monitoring well were drilled until a significant water bearing zone within the 

appropriate target interval was encountered. If no significant zones were encountered, the boreholes were 

drilled a maximum of 55 additional feet in an attempt to encounter prospective intervals to be monitored. 

The lithologies encountered during the drilling of the boreholes and the depth(s) and approximate yields of 
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the water-bearing zones were recorded by a Halliburton NUS field geologist. Copies of the field boring logs 

are included in Appendix A. 

Geophysical tools were run in each borehole to determine various subsurface conditions, including lithology, 

fractured intervals, water-entry or exit zones, and vertical direction of groundwater flow. The overall purpose 

of running the geophysical instruments was to assure that each well would be completed over the optimal 

or most appropriate stratigraphic interval. For the deepest borehole at each location, the geophysical logs 

generated included the caliper log, the natural gamma log, the single-point resistivity log, the fluid 

temperature and fluid resistivii logs, and in selected boreholes, the brine tracing log. Generally, only the 

caliper log was run in the shallower bedrock borehole to identify or confirm the depths of the fractured 
c” 

r-- 

intervals as noted in the drilling log. A downhole video camera was run in selected boreholes to observe 

the lithology and to identify the nature of the fractured intervals and/or water-bearing zones as /identified 

through the various geophysical logs. 

The monitoring wells were constructed with P-inch-diameter, flush-joint and threaded Schedule 40 PVC well 

casing and 2-inch-diameter, Schedule 40,0.020-inch slotted well screen fiied with a bottom cap. The space 

between the bottom of the borehole and the bottom of the screen (ii any) was sealed with bentonite to the 

bottom of the desired monitoring interval, and with No. 2 quartz sand from that point to the bottom of the 

screen. The annular space between the well screen and the borehole in most wells was packed with No. 2 

quartz sand to the top of the desired monitoring interval. For wells screened through wide fractures (as 

identified by the caliper and video logs), the annular space between the well screen and the borehole wall 

was packed with pea gravel to a height of about 2 feet above the top of the screen, and No. 2 quartz sand 

to a height of about 4 feet above the top of the screen. The annular space from the top of the sand pack 

to the bottom of the surface casing was sealed with bentonite, and the annular space inside the surface 

casing was sealed with a bentonite-cement grout. Well construction details are summarized in Table 2-l ; 

well construction diagrams are included in Appendix B. 

r”- 

The monitoring wells were developed a minimum of 48 hours after installation. The groulndwater 

temperature, pH, conductivity, and turbidity were monitored during development. These parameters were 

recorded on well development log sheets, which are included in Appendix C. The flowing artesian wells 

(HN-231, HN-261, HN-281, and HN-291) were developed by uncapping the.wells and allowing them to flow. 

The remainder of the wells were developed with either a submersible or centrifugal pump. The drawdown 

in these wells was monitored with an electronic sounding device to ensure that the pumping rate did not 

exceed the yield of the well. The amount of water developed from the wells was dependent upon thleir yield 

and the time nekled for the monitored parameters to stabilize. In general, the wells were developed until 
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the parameters from three consecutive samples taken at 15-minute intervals fell within 10 percent of one 

another. 
-. 

2.3 GROUNDWATER SAMPLING -_ 

Sampling and analysis of groundwater was conducted to determine the nature and extent of contamination ,- 

in the vicinity of Area C and to provide data for use in the risk assessment and the evaluation of remedial 

actionbalternatives for the feasibility study. The groundwater sampling was conducted from April 5 through 

April 7, 1994. A total of 30 monitoring wells were sampled, including the 17 newly installed screened wells 

(2 overburden, 8 shallow bedrock, and 7 intermediate bedrock), and 13 pre-existing wells (4 screened 

overburden wells and 9 shallow, open-borehole bedrock wells). All monitoring wells within Area C were 

sampled except for well DG-11 at Site 8, which is obstructed above the water table. 

The groundwater sampling and analysis program and sampling procedures are described in the Work Plan 

Addendum (Halliburton NUS, 1994a) and the Quality Assurance Project Plan (Halliburton NUS, 1994b) for 

Focused Remedial Investigation of Groundwater. All wells were purged prior to sampling. Wells with yields 

of 1 gallon per minute or greater were purged of a minimum of three well volumes of groundwater and until 

the monitored parameters (pH, temperature, conductivity) of three consecutive samples of purge water fell 

within 10 percent of one another. The pumping rate was monitored to assure that the wells were not purged 

at a higher rate than the natural yield of the formation. Wells with yields of less than 1 gallon per minute 

were purged dry and allowed to recover overnight to the pre-pumping static water level prior to sampling. 

All wells were sampled with decontaminated, stainless steel bottom-loading bailers. 

-.. 

- 

- 

All groundwater samples were analyzed for low-concentration volatile organics and Target Analyte List (TAL) 

metals (total and dissolved phases). Selected samples were analyzed for Target Compound List (TCL) 

semivolatile organics and PCBs/pesticides. Table 2-3 identifies the analyses performed for each particular 

groundwater.sample. Field measurements collected during sampling were pH, temperature, and specific 

conductivity. These parameters were recorded on sample log sheets, which are included in Appendix D. 

- 

Groundwater samples were stored in coolers and submitted daily to a Naval Energy and Environmental 

Support Activity (NEESA)-approved laboratory using Contract Laboratory Program (CLP) methods. Quality 

control samples, including field duplicates, trip blanks, and rinsate blanks, were collected and analyzed as 

required by NEESA Level D sampling protocol and as specified in the Work Plan Addendum and Quality 

Assurance Project Plan for Focused Remedial Investigation for Groundwater. 
, 
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TABLE 2-3 

GROUNDWATER SAMPLING PARAMETERS FOR MONITORING WELLS 
NAWC WARMINSTER, PENNSYLVANIA 
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- 

The analytical results of the groundwater sampling are summarized and discussed in Section 4. Appendix E 

contains the complete analytical results for the groundwater sampling performed during the OU-3 field 

investigation. 

2.4 WATER-LEVEL MEASUREMENTS 

Two comprehensive rounds of water levels were obtained from the Area C monitoring wells during the recent 

investigation, on May 1 lth and May 18th. Water levels were obtained from a total of 31 wells. The water 

levels were obtained using a calibrated M-Scope, marked to 1 /lOOth of a foot, and were taken from marked 

points on the top of each well casing. Each comprehensive round of water levels was obtained within a time 

period of 2 to 3 hours, to minimize short-term water level fluctuation effects. 

In addition, a partial round of water levels was taken, for the intermediate depth wells only, on June 3, 1994. 

This partial round of water levels was needed due to the existence of flowing artesian conditions in some 

of the intermediate wells. For the first two rounds of water levels, accurate water level measurements of the 

flowing artesian wells could not be made as two of the wells flowed at levels higher than the IO-foot-long 

extensions available for the wells. For the partial round of water levels, a water-tight cap with a 15-psi 

pressure gauge was used to measure the water levels in the flowing artesian wells, and an M-scope was 

used to obtain water levels for the intermediate wells with static water levels below the top of the casing. 

The pressure measurements for the flowing wells were converted into hydraulic head measurements by 

multiplying the pressures (in psi) by 2.31, to get the corresponding head in feet of water. 

Table 2-4 presents the water level data obtained during the field investigation. 

- 

- 

- 
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TABLE 2-4 

AREA C 
MONITORING WELL WATER LEVEL DATA 

NAWC WARMINSTER, PENNSYLVANIA 

HN23X 336.33 6.75 329.68 7.34 328.99 

HN23S 335.88 9.23 326.65 9.40 326.28 

HN23l 336.88 FLOWING >337 + 6.123 343.003 

HN24S 327.26 13.78 313.48 14.94 312.32 

I-=-= HN24l 327.96 14.89 313.07 13.613 314.353 

HN25S 302.68 8.55 294.13 8.94 293.74 
C--- 

HN25l 303.08 9.28 293.80 1 o.343 292.743 

Well 

BG2* 

BG5 

BG6 

MWl 

DG4* 

DG5* 

DG6* 

DG14 

DG15 

DGl6 

DG22 

DG24 

DG28* 

Depth to Water Water Monitored 
Reference 
Elevation’ Water Elevation Depth to Water Elevation Depth 

(5/l 1 /w (5/l l/W (5/l 8/W (5/l ‘VW I nterva12 

351.04 5.35 345.69 5.49 345.55 10.,4-l 4.7 

335.53 15.14 320.39 15.53 320.00 17-47 

351.76 6.09 345.56 6.25 345.51 15-22 

326.65 15.90 310.75 16.28 10.37 18-85 

330.17 2.62 327.55 2.90 327.27 9.8-14.1 

336.76 6.88 329.88 7.11 329.65 12.5-l 6.8 

335.10 8.29 326.81 8.55 326.55 12.8-17.1 

327.11 17.85 309.26 18.23 308.88 113-46 

339.13 8.42 330.71 8.66 330.47 113-22 

334.59 7.22 327.37 7.56 327.03 1838 

331.57 3.79 327.78 4.04 327.53 20-61 

336.84 8.15 328.69 8.38 328.46 2S!-43 

334.25 7.15 327.10 7.53 326.72 5,-10 
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TABLE 2-4 (Continued) 
AREA C 
MONITORING WELL WATER LEVEL DATA 
NAWC WARMINSTER, PENNSYLVANIA 

- 

Depth to Water 
Water Elevation 

(5/l 1 /w (5/l 1 /w 

Depth to Water 
(5/l B/94) 

Well Reference 
Elevation’ 

330.78 I 28-53 I 13.77 I 331.23 I HN2@ 345.00 

HN261 345.40 

HN27S 335.78 

FLOWING T >345 I 0.403 345.003 I 119-151 I 
-_ 

15.26 I 320.52 I 15.82 319.96 I 18-52 I 

HN27l 335.65 8.41 I 327.24 I 327.023 1 145-158 ( 

HN28S 336.73 6.69 I 330.04 I 6.78 

HN28l 334.83 FLOWING 1 >335 I + 14.903 

HN29X” I 335.83 7.67 I 328.16 I 327.79 I 5-10 I 

HN29S I 336.41 8.69 I 327.72 I 327.45 38-59 

350.863 122-138 - 

350.343 68-83 

312.56 87-105 

HN29l I 336.08 FLOWING 1 >337 I 

HNBOS 1 360.29 8.65 I 351.64 I 
HN34S I 328.76 16.34 I 312.42 I 
* Overburden well 

’ Top of well casing, ft mean sea level 
’ Feet below ground surface 
3 Water levels obtained 06/03/94 
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

Several environmental studies concerned with the NAWC Warminster sites and/or surrounding areas have 

been completed over the last 12 years. A number of these studies, including JRB Associates (1981 

and 1983), Slot0 and Davis (1983), Satterthwaite (1984), and Earth Technology Corporation (1985a 

and 1985b), have provided information on local surface features, soils, meteorology, surface water 

hydrology, demography and land use, and hydrogeology. 

A description of the physical characteristics of NAWC Warminster has been prepared on the basis of 

published information, reports of previous site studies, and information obtained and interpreted during the 

course of the RI. Section 3.0 provides information related to both general and local physical characteristics. 

3.1 METEOROLOGY 

The climate of the area is humid continental and is modified by the Atlantic Ocean. Temperatures average 

76°F (24.4%) in July and 32°F (O°C) in January. The average daily temperature for the NAWC location is 

53.3”F (11.8%). Precipitation averages 42.5 inches per year (106.25 cm per year), and snow fall averages 

22 inches per year (55 cm per year). The distribution of precipitation is fairly even throughout the year. The 

relative humidity for the site averages 70 percent. The mean wind speed for this area is 9.6 mph with a 

prevailing direction being west-southwest (NAWC Warminster Emergency Response Plan, August 13,199O). 

3.2 SURFACE WATER HYDROLOGY AND TOPOGRAPHY 

NAWC Warminster is situated on an upland area divided between two local drainage basins, the Little 

Neshaminy Creek Basin on the north and the Southampton Creek Basin on the south. The northern 

65 percent of the facility (including Area C) drains toward the north through several swales and storm sewers 

into small unnamed tributaries of Little Neshaminy Creek. The southern 35 percent of the facility drains 

toward the south to the headwaters of Southampton Creek, a tributary of Pennypack Creek. Both local 

drainage basins lie within the regional drainage basin of the Delaware River. Several of the tributaries of 

Little Neshaminy and Southampton Creeks originate at, or near, the outfall points of culverts adjacent to the 

facility ,boundary. Various studies conducted on the Base have revealed that no areas within NAWC 

Warminster are included in the loo-year or 500-year floodplains. 
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A wetlands assessment of the wetlands along the unnamed tributary of Little Neshaminy Creek (see 

Figure 3-l) was conducted as part of the investigation (Halliburton NUS, 1994c). The results of this 

assessment are discussed in Section 3.8 (Ecology at Area C). 

NAWC Warminster is located on a local topographic high. The crest of a local hilltop trends east-west within 

the facility and is roughly coincident with the location of the main runway. Surface topography across 

Area C slopes away from the main runway to the north, precluding surface water flow onto Area C from 

surrounding properties. Slopes range from nearly level to 8 percent and average from three to 5 percent. 

Surface elevations range from a high of approximately 380 feet mean sea level near the eastern end of the 

main runway to a low of approximately 310 feet along Kirk Road, in the northwest corner of Area C. 

3.2.1 Hydrology at Site 4 

An unnamed tributary of Liile Neshaminy Creek is located north of Site 4, in Munro Park. This stream 

originates at the base of the storm sewer drain east of Site 4 and runs east to west through Munro Park 

immediately north of residences along Kirk Road. During base flow conditions, this stream appears heavily 

silted and has an estimated maximum flow rate of seven to 10 gpm. The uppermost part of this stream is 

small and intermittent and during dry periods, water in the stream tends to be limited to pool areas. The 

stream channel is well developed despite the low or intermittent flow rates. Channel width is 3 to 5 feet and 

channel depth is 1 to 2 feet. Sediments in the stream are primarily sands and cobbles in run areas and 

sands and silts in pools. 

3.2.2 Hydroloqy at Site 8 

Site 8 is drained by a concrete swale that discharges directly to an intermittent stream through a culvert 

beneath Kirk Road north of the site. The intermittent stream is channelized and flows to the north for 

approximately 750 feet until it joins with the unnamed tributary of Little Neshaminy Creek that originates near 

Site 4. 

The intermittent stream was dry during base flow conditions observed during Phase I investigation 

sediment/surface water sampling. During the Phase II investigation, there was no surface water flow within 

the intermittent stream; however, pools of standing water were evident within the channel. This indicates 

that most surface water flow in this stream takes place during and shortly after precipitation. 

No springs or bedrock outcrops were observed at or adjacent to Site 8. 
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3.3 SOILS 
- 

Soils observed within Area C during current and previous RI field work (SMC Martin, 1991; Halliburton 

NUS, 1992) ranged from 2 to 15 feet in thickness. Soil types observed included orange-red, brown and 

maroon-red mixtures of silt, clay, and sand, with the finer-grained soils dominant. 

The U.S. Soil Conservation Service (SCS) has mapped the soils at Site 4 as Duncannon silt loam and 

Chalfont silt loam (United StatesDepartment of Agriculture, 1975). The Duncannon silt loam is reported to 

have moderate permeability, and the Chalfont silt loam is described as having slow permeability. Waste 

material such as wood, plastic, paper, metal, brick, and glass fragments, along with assorted general trash 

material, was discovered in site soils during previous lnvestlgatlon work. Thls lndlcates that some stte soils 

have been reworked from their natural state. 

. I  

SCS has mapped the soil at Site 8 as Urban land - Lansdale complex, indicating that these soils were 

reworked from their natural state. 

3.4 REGIONAL GEOLOGY 

NAWC Warminster is located in the Piedmont physiographic province, Triassic Lowlands section, of 

southeastern Pennsylvania. The province is extensive and gently undulating and generally slopes to the 

southeast. The land forms have been modified by erosion to form moderate slopes and gently rounded hills 

with a dendritic drainage pattern. __ 

The bedrock underlying NAWC Warminster belongs to the late Triassic age Stockton Formation. The 

Stockton Formation is unconformably underlain by basement rocks of Ordovician to Precambrian age that 

outcrop approximately two miles south of the facility. The Stockton Formation is conformably overlain by 

the shale- and argillite-rich Lockatong Formation, also of late Triassic age, which crops out approximately 

2.5 miles north of the facility. 

Within the general area of NAWC Warminster, the beds of the Stockton Formation strike to the northeast 

and dip from 7 to 16 degrees northwest. The average dip of the beds is 12 degrees to the northwest. 

Based on outcrop width and an average dip of 12 degrees, the Stockton Formation is estimated to be 

approximately 2,200 feet thick beneath NAWC Warminster. The Stockton Formation is extensively faulted 

by small displacement normal faults and is cut by welldeveloped joint systems. 
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The Stockton Formation is composed of fine- to coarse-grained arkosic sandstone and congllomerate 

interbedded with shale and siltstone. These rocks are interpreted to have been deposited by coalescing 

alluvial fans that deposited sediment eroded from highlands to the south (Slot0 and Davis, 1963). 

Throughout the Stockton Formation, units of varying lithology are irregularly interbedded, with coarse- 

grained units commonly overlying fine-g&red units. Beds commonly pinch out or form gradational contacts 

with overlying or underlying beds over lateral distances greater than several hundred feet (Rima, et all., 1962). 

The St&ton Formation is divided into lower arkose, middle arkose, and upper shale members. Detailed 

geologic mapping of these three members is not available within Bucks County where NAWC Warminster 

is located. However, projections from geologic maps one mile west of the facility in Montgomery County 

indicate that the facility is underlain by the middle arkose member of the Stockton Formation (Rima, 

et al., 1962). 

The middle arkose member of the Stockton Formation consists of beds of fine- and medium-grainecl arkosic 

sandstone with interbedded red shale, siltstone, and very fine-grained red sandstone. Also contained within 

this member are a few beds of coarse-grained arkose. The arkosic sandstones are usually pale brown to 

pale red, gray, and pale orange. Beds of shale and siltstone are more common in the upper portion of this 

member, and coarser-grained units are more common in the lower portion. Many of the beds are weakly 

cemented and well sorted, accounting for relatively high porosity compared to the upper shale and lower 

arkose members of the Stockton Formation (Rima, et al., 1962). The thickness of the middle arkose member 

of the Stockton Formation at NAWC Warminster is unknown but is estimated to be approximately 500 feet 

near the southeastern boundary of the facility, increasing to between 1,500 and 2,000 feet thick lnear the 

northwestern boundary. 

The lower arkose member of the Stockton Formation underlies the middle arkose member and is projected 

to crop out approximately 2,000 feet or more southeast of the facility. The lower arkose member is 

dominated by coarse-grained arkosic sandstone and conglomerate. Beds of medium-grained arkosic 

sandstone are common, although less abundant than coarser-grained units. The lower arkose member is 

estimated to be approximately 1,700 to 1,800 feet thick near NAWC Warminster (Rima, et al., 1962). 

The upper shale member of the Stockton Formation is generally not present in the vicinity of NAWC 

Warminster but overlies the middle arkose member several miles northwest of the facility. The upper shale 

member consists of shale, siltstone, and fine-grained arkosic sandstone. In general, grain size decreases 

upward within this member, with beds of fine-grainecl sandstone most common in the lower portions. 
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A layer of saprolite (extensively weathered bedrock) commonly underlies the area soils and overlies the 

unweathered shale, siltstone, or sandstone bedrock of the Stockton Formation. The saprolite usually occurs 

at an approximate depth of 4 to 10 feet and was found to be between 8 and 25 feet thick during previous 

well installation at NAWC-Warminster (JRB Associates, 1983). 

A map and detailed discussion of the approximate locations and orientations of fracture traces in the NAWC 

Warminster area is provided in the .Phase II RI Report (Halliburton NUS, 1993). No fracture traces were 

identified within Area C. 

Joint sets within the Stockton Formation occur in a discernible pattern. According to Rima, et al. (1962), 

the most frequently occurring joint sets trend perpendicular and parallel to the strike of the bedding. 

Another commonly occurring joint set trends to the northwest at an angle of about 50 degrees from strike. 

Near Area C, most identified fracture traces trended to the east-northeast and to the north-northwest, which 

generally correspond to the ENE strike and NNW dip of the bedrock. 

3.5 AREA C GEOLOGY 

The Stockton Formation underlying Area C consists of alternating lithologic units of predominantly gray and 

brown, fine-grained arkosic sandstone and red-brown siltstone/mudstone. Individual beds or defined 

sequences of rock units of predominantly one lithologic type range from a few feet to approximately 50 feet 

in thickness across the area. Major lithologic units can be traced over significant portions of Area C, 

although the thinner beds within a unit are often difficult to correlate and may pinch out over distances of 

several hundred feet. 

Within Area C, a bedrock strike of north 70 degrees east and a dip of 9 degrees to the northwest were 

measured based on correlations that were made between geophysical logs from well borings. This strike 

and dip matches up well with regional information regarding the bedrock structure. The direction of slope 

of the ground surface across Area C generally mimics the direction of dip of the underlying bedrock; 

however, the beds dip more steeply than the ground surface. Based on projections made using the 

measured bedrock strike and dip, the lithologic units encountered at depth within the northern portion of 

Area C outcrop in or adjacent to the southern, topographically higher part of Area C. In particular, some 

of the deeper units encountered outcrop along the runway area at the top of the hill behind (south of) 

Area C. 
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Two cross sections were prepared to show geologic conditions within Area C. The cross sections are 

aligned as shown in Figure 3-2. These cross sections are generalized interpretations of the subsurface 

conditions, and are based on both boring logs and geophysical logs. The interpretations in some cases 

combine several individual beds of minor thicknesses into larger lithologic units where approprial:e, based 

on the overall dominant characteristics of a given sequence. Cross section A-A’ (Figure 3-3) is aligned 

approximately along bedrock strike, while cross section B-B’ (Figure 3-4) is aligned approximately downdip, 

along a bearing of N 13O E, or 33 degrees from the calculated dip direction of N 20” W. 

CI 

Fractures were encountered at various depths in each well boring. Both the coarser-grained sandstone units 

and the fine-grained siltstones/mudstones were fractured to varying degrees. No generalizations regarding 

the frequency of fracturing relative to rock type have been identified, however the fractures in the sandstones 

generally were more likely to produce significant quantities of water than the siltstone/mudstone fractures. 

Both cross-cutting fractures and bedding plane fractures were identified through interpretations of drilling 

and geophysical logs, and borehole camera tapes. 

No direct observations of fracture orientations were made due to the absence of any outcrops in the area; 

however, it is typical for well developed, systematic joint sets to occur within lithologic units along 

orientations parallel and perpendicular to bedrock strike, and at angles of 45 to 60 degrees from bedrock 

strike. 

P==. 

,- 

The surface of the bedrock within Area C is highly weathered for a depth of about 5 to 15 feet in general. 

Residual soils exist within the top few feet of ground surface. The soils gradually grade into weathered rock, 

then competent bedrock. The transition points are hard to precisely define with any certainty. Figure 3-5 

shows the topography of the bedrock surface, based on interpretations of drilling log information. This 

surface has an overall northerly slope across Area C. A minor trough in the bedrock surface is located 

between Sites 4 and 8 within Area C. This trough corresponds to a subdued topographic low which extends 

off site to the north to the small stream that drains Area C. 

I-=- 3.6 REGIONAL HYDROGEOLOGY 

The major groundwater production aquifer in the vicinity of NAWC Warminster consists of the fractured 

bedrock of the Stockton Formation. The middle arkose member of the Stockton Formation is considered 

13 to be the most productive bedrock aquifer in Bucks County. These rocks form a multi-aquifer system of 

relatively discrete water-bearing zones separated by thicker, less permeable zones. Transmissivity and 

groundwater movement within water-bearing zones are greater parallel to bedding than across bedding. 

R-cc-94-2 3-7 



3-a 

\ f- ! v . : : 

) 1 : 
, I.0 
J 

/ /- 0 \ . \ \ 



1 I 

..- 1 -... “\“..““\.~..\--“-L.“L”“” ‘“10’13. YU 

A 
AS 

WEST EAST 
I 

GFNFRAI 17FD CROSS SECTION A-A 

WARMINSTER 

0 40 

FIGURE 3-3 



B l-3’ 
SOUTH I NORTH 

HN-23 I.S. HN-27 IS HN-24 I.52 

0 40 

FIGURE 3-4 

GFNFRAWFD CROSS SECTION WARMlNSTER -’ 

/ I I 1 



I 

-=----- 

-- - ‘! /----Y-d 

.- 

Y 

113M lVIlN30IS3kl . 

3NIt108 110s v 

I 113M NOI13fKlOUd n 



Vertical or nearly vertical fractures cutting across bedding and the weathering of various beds are expected 

to permit varying degrees of leakage between the main water-bearing zones, particularly near the surface. 

Groundwater in the Stockton Formation occurs locally under both confined and unconfined conditions. 

Within water-bearing zones in the fine- and medium-grained sandstone of the Stockton Formation, 

groundwater is transmitted chiefly through fractures, joints, and bedding planes (secondary porosity). 

Primary porosity is minimal in these rock units. The shale and siltstone beds are commonly too fine grained 

to tra6smit large amounts of groundwater through primary porosity, and fractures and joints are typically 

not well developed in these fine-grained beds. Consequently, the shale and siltstone beds often act as 

confining layers to groundwater. Fracture permeability is generally better developed in the sandstone layers 

compared to the shale and siltstone layers of the formation. This, along with greater primary permeability, 

allows the sandstone layers to function as the most productive water-bearing units of the Stockton 

Formation. 

The regional hydrogeology for the Stockton Formation in the NAWC Warminster area is that of a complex 

multi-aquifer system. The individual water-bearing zones of the Stockton Formation may belong to either 

of three different aquifer types. In descending order, these aquifer types include 

l Overburden aquifer 

l Shallow bedrock aquifer 

l Deeper bedrock aquifer 

.- 

These aquifer types are not interpreted to necessarily represent physically distinct units but to represent 

transitional zones that occur within the individual water-bearing units encountered at increasing depths. 

The overburden aquifers consist of soil and saprolite (weathered bedrock) derived from erosion of the 

truncated edges of the inclined bedrock layers. They extend to depths of 15 to 35 feet with an average 

depth of 20 feet. 

The shallow bedrock aquifers underlie the overburden aquifers and may extend to depths of 75 to 120 feet 

below the ground surface. The shallow bedrock aquifers are recharged by vertical percolation from the 

overburden aquifers and are the primary reservoir for groundwater storage in the Stockton Formation. The 

shallow bedrock aquifers are generally under water table conditions and occur within the unweathered and 

weathered shallow bedrock. The shallow bedrock aquifers may consist of numerous discrete water-bearing 

zones. Horizontal groundwater migration in response to regional gradients (controlled by topography or 

long-term well pumping) is significant in the shallow bedrock aquifers. 
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The deeper bedrock aquifers underlie the shallow bedrock aquifers and usually occur at depths greater than 

75 to 120 feet below the ground surface. Water within them occurs under semi-confined or confined 

conditions. Leakage from one water-bearing unit to another occurs when there is a hydraulic head 

differential between the two units. Flow is from the unit with a higher hydraulic head to the unit with a lower 

head, and can be either upward or downward. Pumping effects can either amplify or reduce the leakage 

rate, depending on whether the pumping increases or decreases the head differential. 

In general, the Stockton Formation behaves as a complex multiple aquifer system with low-permeability 

finer-grained units acting as confining layers for more highly permeable, coarser-grained units. Most deep 

wells in the Stockton Formation penetrate several major water-bearing zones and, if allowed to remain open 

through these zones, are multi-aquifer wells. The individual water-bearing zones of a given well generally 

have different hydraulic properties and different hydraulic heads. Therefore, the hydraulic head off a multi- 

aquifer well is a composite head of all the water-bearing zones in which it is completed. In wells that are 

completed in more than one major water-bearing zone, groundwater flows from water-bearing zones of 

higher hydraulic head to those of lower hydraulic head. These conditions have been documented by 

U.S.G.S. studies using geophysical logs and brine trace logs for numerous deep wells both within and in 

the vicinity of NAWC Warminster (Sloto, et al., 1992; Sloto, 1992). 

3.j Area C HYDROGEOLOGY 

3.7.1 General Conditions 

Groundwater in Area C occurs primarily within the bedrock (Stockton Formation) underlying the Base. 

Groundwater occurrence and movement through the Stockton Formation is primarily through secondary 

porosity (fractures) that exist within the rock mass. These fractures include both bedding plane partings and 

fractures that extend through individual rock units. In addition to the secondary porosity, there is likely some 

minor primary porosity, especially in the sandstone units, that contributes to groundwater occurrence and 

movement. In general, the coarser-grained (sandstone) units were observed to yield water more so than 

the finer-grained (siltstone and shale) units, although significant water-yielding fractures were encountered 

in all rock types. 

The Stockton Formation is used as a domestic, municipal, and commercial water supply source in l.he local 

area. Approximately 15 domestic wells are located within 1,000 feet of Area C (about half Iof them 

downgradient of the area), and one municipal well is located within 1,500 feet of the area to the north. 
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Minor quantities of groundwater are also encountered within the lower portions of the thin veneer of soils 

and weathered rock overlying competent bedrock. The observed saturated thickness of the soils and 

weathered rock (i.e., overburden) within Area C ranged from approximately 3 to 12 feet. Due to the overall 

clayey nature and resulting low permeability of the overburden, groundwater movement through the 

overburden is likely to be restricted in comparison to the migration through the underlying fractures in 

bedrock. Limited hydraulic conductivity testing of the overburden, performed during previous investigations, 

resulted in hydraulic conductivity estimates ranging from 0.2 to 2.3 ft/day, and yields from overburden 

monitoring wells are typically less than 1 gpm. 

-- 

3.7.2 Groundwater Flow Directions 

The groundwater flow direction in shallow bedrock (to a depth of approximately 100 feet) across Area C is 

slightly west of due north, with an average gradient of 0.03. The shallow bedrock groundwater flow 

direction, based on water level measurements taken on May 18 and presented in Table 2-4, is shown in 

Figure 3-6. The flow direction and gradient closely correlate to the slope of the ground surface, which also 

trends slightly west of due north and ranges in slope from approximately 0.02 to 0.05. In addition, the 

groundwater flow direction is subparallel to the bedrock dip direction, and is in the direction of overall 

surface water drainage towards Neshaminy Creek. This illustrates the interrelationship between shallow 

grbundwater flow directions, topography/drainage, and bedrock structure in this area, as has been seen 

elsewhere on Base north of the runway (i.e., Area A). 

Deeper groundwater flow directions (> 120 feet) trend generally to the north-northeast, based on water level 

measurements from the intermediate depth wells located at well clusters HN-23, HN-26, HN-27, HN-28, 

and HN-29. The intermediate wells at cluster locations HN-24 and HN-25 are considered to be more 

representative of the shallow groundwater flow system instead of the deeper flow system tapped by the 

other intermediate wells, based on lithologic and water level data, thus are not included in the evaluation 

of deeper groundwater flow directions. Due to the differing lithologic intervals for the intermediate wells, and 

the variability of hydraulic heads with depth/screened zone, a detailed map of groundwater flow within the 

deeper bedrock cannot be developed with the existing data. 

There is a marked upward vertical gradient between the deeper and more shallow portions of the bedrock 

aquifer. Hydraulic head differentials of over 15 feet have been measured at several well cluster locations 

(23, 26,28 and 29) where shallow and deeper wells have been installed. Some of the deep wells are-flowing 

artesian wells, with hydraulic heads over 10 feet above the top of the well casing. It appears that the 

confined conditions are created by the presence of a thick, predominantly fine-grained, interbedded 

mudstone-sandstone unit. Wells installed into the rock units located directly below this unit exhibit the high 
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head differentials in comparison with the adjacent shallow wells. In addition, there is a general trend of 

higher head differentials within well clusters where the vertical separation between the monitored intervals 

of the shallow and deep wells is greater (i.e., clusters 24 and 25 have less vertical separation than the other 

clusters, and also much smaller head differentials). 

The local strike and dip measurements were used to project the outcrop/subcrop areas of the rock units 

that the wells with high hydraulic head differentials are screened in. The units housing the flowing artesian 

wells are all projected to outcrop along the runway that is located south of Area C and is the topographic 

high for the area. In addition, the rock units that house the two wells with the highest hydraulic heads are 

projected to outcrop near the runway in a localized closed topographic depression, which would be an area 

of enhanced recharge. Precipitation falling in this area would pond within the area and infiltrate, rather than 

a portion of the precipitation leaving as runoff as would occur elsewhere. 

-. 

- 

Groundwater flow directions within the overburden are generally to the north following topography, based 

on a limited data base. This is expected based on the ground surface slope, the bedrock surface slope, 

and the presence of a small stream north of Area C which is expected to act as a local shallow groundwater 

discharge point. 

- 

“- 

Vertical gradients between the overburden and shallow bedrock were mixed. Of the seven overburden/ 

shallow bedrock well pairs evaluated, downward vertical gradients were noted in 4 clusters and upward 

gradients in 3. There was no clear pattern to the distribution of vertical gradients. Head differentials were 

usually less than 1 foot, however differences of up to 6 feet (cluster DG6/DG15) were also observed. 

3.7.3 Bedrock Aquifer Hydraulic Characteristics 

Field work to quantify the hydraulic characteristics of the bedrock aquifer in Area C was not included in the 

scope of work for the Area C investigation. Some generalized statements can, however, be made regarding 

the water yielding capabilities of the shallow portion of the Stockton Formation in the vicinity of Area C, 

based on drilling/well development observations and limited aquifer testing performed at the facility in the 

past. 

During monitoring well drilling operations, total borehole water yields were estimated by observing the rate 

at which water was removed from the borehole by air pressure. The estimated total yields of the monitoring 

well boreholes ranged from 1 to 30 gpm, with an average yield of 12 gpm over an average borehole depth 

of 125 feet (0.1 gpm/foot of borehole). In general, the primary water-producing zones in the boreholes 

tended to be associated with sandstone beds, although this was not always the case. Estimated monitoring 
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well yields, determined during well development operations, ranged from approximately 0.5 to 10 gpm, with 

an average estimated yield of 3.5 gpm. The wells monitor discrete depth intervals that ranged from 13 to 

34 feet in thickness, and averaged about 20 feet in thickness, resulting in an average yield per foot of 

0.175 gpm. The depth intervals monitored were selected in part based on their relatively high warier yields 

in comparison to other portions of the boreholes, thus the incremental formation yields for the ,wells are 

biased somewhat high over the incremental yields that were observed over the total length of the boreholes. 

Two &all scale pumping tests have been performed on the shallow portion of the Stockton Formation at 

NAWC Warminster. Walter B. Satterthwaite Associates, Inc. performed a pumping test in 1934 in the vicinity 

of the main facility building complex, west of Jacksonville Road. Using wells 100 to 130 feet deep, a 

transmissivlty of 119 f?/day and a storativfty In the 10' range were derived for the shallow portion of the 

aquifer. Halliburton NUS in 1991 performed a small scale test in the northwest corner of the facility, using 

wells 50 feet in depth and less. The transmissivii derived from this test was 67 ft’/day, which is generally 

comparable to the Satterthwaite transmissivii value when the difference in depths of the wells is factored 

in. The storativity obtained, in the lOA range, was also in agreement wfth the Satterthwaite results. A 

supplemental analysis of the Halliburton NUS pumping test data, performed during the interim groundwater 

extraction system design for OU-1, resulted in a transmissivity estimate of 104 $/day. Esoth the 

Satterthwaite and Halliburton NUS tests were of limited time duration (several hours) so the results obtained 

should be considered as rough estimates only. 

Based on these pumping test results, a bulk permeability for the bedrock aquifer of about 1 to 2 ft/day 

appears to be a reasonable estimate of the overall shallow bedrock permeability. Since the occurrence and 

movement of groundwater within the Stockton Formation is largely fracture controlled, actual fracture 

permeabilities are undoubtedly much higherthan the average and the intergranular permeability much lower. 

Boring log data was evaluated to determine the approximate yields of discrete water-yielding fractures. 

Almost all of the water-yielding fractures had estimated yields of under 10 gpm, and most fractures had 

yields of less than 5 gpm. This is comparable to the average estimated yield of the monitoring wells of 

3.5 gpm. 

3.7.4 Geologic/Hydrogeologic Controls on Contaminant Migration 

Migration of contaminants in groundwater within and out from Area C will be influenced by several factors. 

Groundwater (and contaminant) migration is expected to occur primarily within interconnected networks 

of fractures within the rock mass. lateral migration of shallow groundwater is to the north through the 

shallow bedrock units that underlie Area C, following the groundwater flow gradient and the direction of 

ground surface slope. Large volume pumping of groundwater from production wells near Area C (i.e., 
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WTMA 13) may influence the local groundwater flow pattern somewhat, depending on the location, depth, 

and pumping rate of the well(s). 

The vertical migration of dissolved contaminants within the bedrock aquifer is expected to be limited by the 

presence of semi-confining units of siltstone/mudstone that are laterally persistent on a local scale, and the 

presence of significant upward vertical gradients between shallow and deeper zones of preferential flow 

(primarily sandstone units). In the vicinity of Area C, therefore, any dissolved contamination found within 

the shillow bedrock is not expected to migrate vertically to deeper geologic/hydrogeologic horizons. 

- 

- 

The structural dip of the bedrock in Area C to the north-northwest would influence the migration of any 

DNAPL present. To date, however, there is no evidence to suggest that DNAPL may be present within 

Area C. 

The unnamed tributary to Liile Neshaminy Creek may act as a discharge point for shallow groundwater. 

The depth to which the stream influences groundwater flow is unknown, but the stream’s function as a 

groundwater discharge point is expected to be minor overall given it’s small size and intermittent nature. 

Deeper groundwater flow may, however, follow the stream valley and thus be indirectly influenced by the 

stream. 

The overburden groundwater is expected to either recharge the bedrock groundwater flow system or 

discharge to local surface water drainages, thus migration distances within the overburden are likely to be 

restricted. The low overall permeability and minor saturated thickness of the overburden also suggests that 

significant quantities of groundwater are not transported laterally through this flow system. 

Warminster Township Municipal Well 13 (WTMA 13) is located approximately 1,500 feet due north of Area C, 

at the-intersection of Benn Lane and Vista Drive. This lo-inch-diameter well is 601 feet deep, is cased to 

a depth of 80 feet, and pumps at an average rate of 85 gallons per minute, with a maximum capacity of 

167 gpm. The static water level is 12 feet, and the pumping water level is 155 feet. The average daily 

withdrawal rate is 68,000 gallons. The intermittent, unnamed tributary of Little Neshaminy Creek is located 

between Area C and the municipal well. Given the stream’s small size and the well’s depth and pumping 

rate, the stream is not expected to act as a buffer between Area C and the municipal landfill. The degree 

to which the local topography (the ground surface slopes to the north+rorthwest in the area around the 

municipal well) may influence or affect the groundwater flow direction in the area between Area C and the 

municipal well is unknown at this time. 
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3.8 ECOLOGY AT AREA C 

A mixture of residential, park, and forested area borders Area C to the north. This area offers a secluded 

and physically diverse habitat, as observed during the Phase II RI biological characterization (Halliburton 

NUS, 1992). Snails, earthworms, and amphipods are common in sediments and leaf paclks from 

downstream portions of Area C as are small numbers of mayffy larvae. In addition to sightings of various 

songbirds, signs of rabbits, raccoons, and white-tailed deer are also found in the downstream portioln of this 

study &ea. 

A wetlands assessment of the area north of Area C (Halliburton NUS, 1994~) classifies the wetland along 

the unnamed tributary of Little Neshamlny Creek as primarily palustrlne, forested, broad-leaved deciduous, 

temporary (PFOlA). This wetland is characterized by green ash, silver maple, box elder, black cherry, and 

spicebush in the canopy and sub-canopy. Blackberry, Japanese honeysuckle, jewelweed, poison ivy, and 

skunk cabbage are the dominant species in the herbaceous layer. 

The wetlands assessment concluded that the stream and wetlands appear to be fairly healthy. No evidence 

of pollution, fish kills, or stressed vegetation was observed. Urban trash and litter (tires, boards, bottles, 

cans, paper, and plastic) was common. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

This determination of the nature and extent of contamination at Area C is based on review and interlpretation 

of the analytical data available from the most recent round of groundwater sampling, described in 

Section 2.0. The results of chemical analyses of the groundwater samples collected at Area C are discussed 

on a inedium-specific basis in this section. 

As discussed previously, Area C includes two previously identified areas of potential chemical release. 

Site 4, located south of the intersection of Kirk and Newtown Roads, has been investigated as a historically 

active trenching and disposal area. Site 8, located at the north end of the reserve taxiway near Kirk Road, 

is a former fire training area. Soil borings and groundwater monitoring wells at these sites were sampled 

during recent field investigation activities. In addition, a maintenance area and firing range (see Figure l-2) 

have also been identified as additional potential groundwater contaminant sources within Area C. 

- 

Chemical analysis of groundwater collected from Area C was performed at a fixed-base laboratory. 

Analytical parameters included, at a minimum, low concentrations target compound list (TCL) volatile organic 

compounds, and total (unfiltered) and dissolved (filtered) target analyte list (TAL) metals. Newly installed 

monitoring well clusters were also analyzed for TCL semivolatile organic and pesticide/PCB comlpounds. 

All data were generated using U.S. EPA Contract Laboratory Program (CLP) analytical methods and 

reporting protocol. 

CI 

t4 

All reported results were subjected to a data validation which was conducted in accordance with the 

functional guidelines established by the U.S. EPA and modified by U.S. EPA Region III. Although no 

significant analytical problems were encountered, nondetected acetone and 2-butanone data in some 

samples were rejected due to poor detector response for these chemicals. The rejection of these data 

points does not significantly affect the conclusions that are made with regard to nature and extent of 

contamination, or the baseline risk assessment. 

4.1 SOILS +.6.-a 

CX-- 

W--S 

Soils were not sampled as a part of the most recent field investigation. The soils sampled during the 

Phase II RI field investigation at Area C (Hallibutton NUS, 1992) were analyzed by gas chromatography for 

determination of volatile organic compounds in the field. The samples were subsequently analyzed at a 

fixed-base analytical laboratory for determination of TCL volatile and semivolatile organic and pesticide/PCB 

rsl 
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compounds, in addition to TAL metals and cyanide. Total petroleum hydrocarbons (TPH) and several 

miscellaneous engineering parameters were also determined for the soil samples collected from Area C. 

Site 4 subsurface soil and sediment were found to contain detectable concentrations of acetone (48 pg/kg), 

tetrachloroethene (7.75 pg/kg), ethylbenzene (56 pg/kg), and xylenes (130 pg/kg). These positive 

detections were noted in two soil samples (tetrachloroethene in one, ethylbenzene and xylenes in the other) 

and one sediment (acetone only). No widespread or clear pattern of organic detection in soils or sediment 

which-may be considered identification of a contaminant source area was identified, although it should be 

noted that the sampling was limited in scope. Numerous metallic elements were detected in the Site 4 soils; 

however, no clear pattern was identified. Metals concentrations which exceed established background levels 

include: aluminum (18,500 mg/kg maximum), barium (157 mg/kg maximum), cadmium (7.8 mg/kg 

maximum), cobalt (16.7 mg/kg maximum), nickel (38.8 mg/kg maximum), vanadium (59 mg/kg), and zinc 

(55.3 mg/kg, maximum). Tentatively identified compounds (TICS) were not reported for Phase II soil 

sampling. 

Soil samples collected from Site 8 were also found to have low concentrations of a variety of polynuclear 

aromatic hydrocarbons (PAHs), one detection of gamma-chlordane (a pesticide), and tentatively identified 

compounds. Also, several metals were detected at concentrations which exceed background levels in 

surface and subsurface soil. Although detected at levels slightly greater than the “background,” metals are 

not believed to be a site related contaminant because of the type of activity performed at the site (fire 

training) and because samples were collected at visibly contaminated areas and few metals exceeded more 

than twice background. 

Detailed discussions of the soil and sediment sampling conducted during the Phase II RI is presented in the 

Phase II RI Report (Halliburton NUS, 1992). 

4.2 GROUNDWATER 

A total of 30 groundwater monitoring wells were sampled during the field investigation. These monitoring 

wells have generally been installed in groups, or clusters, in an attempt to characterize the vertical extent 

of the observed contaminant plumes. The well clusters, totalling 12 in number, are screened within the 

bedrock at shallow and intermediate depths, or within the overburden and shallow bedrock. Four individual 

shallow wells are located around the former fire training area, Site 8. Four well clusters (HN-23, HN-24, 

HN-26, and HN-27) are located generally within the western half of Area C. One well cluster, HN-28s and 

HN-281, is located about midway between Sites 4 and 8. Well cluster HN-25 is located approximately 

700 feet north (downgradient) of Area C. The remaining wells surround Site 4 on the north (DG-4, DG-5, 

_.- 
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DG-6, DG-15, DG-16, DG-22, DG-24, DG-28, HN-29S, and HN-291) and south (BG-2 and BG-6), in the eastern 

half of Area C. 

The ‘results of all monitoring well sampling conducted during the focused RI are presented in Table 4-l. 

Background wells are identified as the upgradient wells in Area C (BG-2, BG-6, HN-261, and HN-26s) and 

Area B (HN-01 I and HN-01 D), which is located across the runway (south) of Area C. Table 4-2 provides a 

listing-of the wells sampled, broken out into groupings (background, Area C overall, Site 4). 

Confining features which resulted in the installation of naturally flowing “artesian” wells are noted for the 

intermediate screening interval at well clusters HN-23, HN-26, HN-28, and HN-29. A mudstone-siltstone layer 

appears to create the confining pressure and may act as a significant retardant to vertical groundwater 

contaminant migration. Groundwater is primarily transmitted through fractures within the bedrock. Although 

uncertainties inherent in fracture flow regimes complicates microscopic prediction of plume movement, the 

number and location of wells at Area C allows general assessment of groundwater movement. As shown 

in Figure 3-6, the shallow groundwater potentiometric surface indicates groundwater flow to be generally 

toward the north. Local variations in the groundwater flow direction are influenced by fracturing in the 

bedrock, and results for individual wells must be considered carefully to avoid reaching misleading 

conclusions about contaminant migration. 

4.2.1 Site 8 and Adjacent Areas 

Four functional monitoring wells of varying depth (MW-01, DG-14, HN-34S, and BG-05) are located in the 

immediate vicinity of Site 8. 

,.‘p 

Organic contaminants were detected only in wells HN-34s and MW-01. In particular, tetrachloroethene 

(PCE; was detected at levels of 9 pg/L and 1 pg/L, respectively, in these wells. In addition, 

di-n-butylphthalate was detected at 1 pg/L in HN-34s. 

Four well clusters (HN-23S, HN-231, and HN-23X; HN-24s and HN-241; HN-25s and HN25-I; and HN-27s 

and HN-271) are located in an approximate north-south oriented line located about 300 feet to the east of 

Site 8, downgradient of the small maintenance area and firing range. For these wells, the preclominant 

chemical detected is tetrachloroethene, found in six wells at concentrations which range from 2 pg/L 

(HN-23X, HN-251) to 29 pg/L (HN-24s). Tetrachloroethene detection is associated with acetone in wells 

HN-23S, HN-24S, and HN-241 and with di-n-butylphthalate in wells HN-2% and HN34S. Diethylphthalate 
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TABLE 4-l 

I DATA SUMMARY TABLE Y 

POSITIVELY DETECTED CHEMICALS (pg/L) - AREA C MONITORING WELLS 
NAWC WARMINSTER, PENNSYLVANIA 

Area “C” Monitorina Wells I Chemical 
I 

I BG-5 I BG-6 I MW-01 I MW-02 I DG-4 I DG-5 I 
Acetone R R R R R R R 

Toluene ND (1) ND (II ND (1) ND (1) ND (I) ND (1) ND (1) 
,.: .,...: .,.,.,.,. :.: .,.,.,.: _,.,.,.,.,. :.:.:.: .,._,. :.,.:.,.: .,.,. :.,.:. 

Tetrachloroethene ND (1) x!;aa;l;l;r,l;l~~~~~~~~~~~~~~~~~~~~~~ 1.0 2.0 . . . . . ..i.. ND (1) . . . . . . I... . . . . . . . . . . . . . . . . . . . . . . . ..i. I._, . . . . . . . . . . . . . . . . . . . . . . . . . ND (1) ND (1) 

Diethylphthalate NA NA NA NA NA NA NA 

Di-n-butyl phthalate NA NA NA NA NA NA NA 

Endosulfan II NA I NA NA I NA I NA I NA I NA I 
.,.... . 

Aluminum ND (33) /$$$$f& ..:..::. _.._, ii......... .I. ,. _~.~i.~.~.~.~.~.~.~.~. ..::....... _i. .\L. ..,.,\.,..........L..L.. 
jr~~~liijiil:iaa~~~~: 44.28 [$$!:&~@$j ND (33) ~~B~~; ND (33) ~~~~~~j ND (33) ~~~a~ ND (33) i~~~~~l ND (33) i . . . . . . .._ . . . . . . . . . . . . . . .,. .,.,.,. .,.,_,.,. ,. ,. . . . ., .,.,_ .,, .,... .,.,.....(..(.,.. . . . . . . . . . . . . . ._. .,., ,, . . . . . . . . . . . . . . . . . . . . . 

,:.:.:.:.:.:.;:.:.:.:.:.:.:.:.:.:.:.:. 
ND (34) ND (34) ND (34) ND (34) ND (34) ~jiiiiii$I&j$$$$ ND (34) ND (34) 

Calcium 

Chromium 

Cobalt 

Copper 

p$ 
+:.;: .,.,.,...,..... . . ..__.... ,...j,.j,.,_,_i,.iii,.,....... ._.,.(.,... .,. .,...,.,...,.,., 

ND (71 ND (7) 128 , , , 

ND (4) ND (4) ND (4) ND (4) 
. . . .,. 
~~~~~~1 ND (4) 

ND (1) ND (I) ND (1) ND (1) ND (1) ND (1) ND (1) ND (1) 
:.:.:.:.:.:........ . . .._ . . ../......... . . . . . . . . . ..v . . . . . . . . . . . . . . ..(i .:. 

ND (3) ND (3) ND (3) ND (3) iaia~~~:~~~~~ ND (3) ND (3) 

. . . _, .,.,. .,. .,. .,. .,.,. .,.,..... ,...,.,.,. ., ,. . . . .i..,..\. . . . . . . . . . . . . . . ..I.. i. . . . . . . . . . . . . . . . . . .:.... ./.I. . . . . . . . . . . . . . . . . . . . . . . . .// . . ,.:. ./. 
~~s~i’~~~~~~~~~~~~~~~~ ‘iiiiis~~~ ~~~~~~~~~~~~~~~~~~ 
. . . . . . . . . . . . . . . . ..A.. .,.,.__.,.,.,.,.,., ,.,.,.: :::A.. . . . . . . . . . . . . . . 8 8 8 B 7978 

8 34B ~~s~~~~ ~~~~~~ ‘~~lf~~~ ~~~~~’ 
.i..... .,. .,.,.(.,. .,.,.,. :...:.:.‘.:‘.: :.. . . . .,.,. .,., ,, ,.(.,.,.(.,. .,.,. \.,.,. .,... . . . .,.,.( .,...(. .,.,.,.,.,.,.,. ,,.,.,,,.(.,. .,.,.,_, .,_,. ,_ ..,(... .:....i.:.::..:.:.:.:.:.:.:. :.:‘C.:.:...:.:.:.:.:,~.,~.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

:. .I::... ,.,.: : .,., :.: .,.,.,. :.:.:.: .,.,.,.,., 
g&$&j ~~ka~~~, :jg$#jqgg, 

.:. .., ..i. ,. . ../ . . . . . . . . . . . . . . . . . . . . . . . . . . . .\. .c.. .c... .j,,.,.jj,.,.,.j,.,. :.,.:.:.,.:.: 
lijFii,$$g+aSjjjiji :;i$&~#Jg;; 

,.,. :.,.:.,.:.,.:.:.: .,.,. :.:...:.:.:. ,.,.: .,.,. :.:.,.::.:.: .,.,, :...: .,., ..:...:.:.:.‘.:.:.:.;:.,,:.:.,.:.: .,., ::.:.:...:.:: .,.,, :.:.:.:.:.:.:...:. 
jjjijit:g;pgp$j :sjzii~,gf#~: .iiiiiiii~:~~~~~~~~:~ 

__,_,,,, ::::::,,::: :.:...:.:...::.~~:‘.:.~~~... >: .,. .:.:.:.:.:.~~,:.,:.~: :.: 
~;:~~~,g~ j~i~:~~~,~ ;jiiigj$gq.jj; ij#j&jg.J ggjij~;ii 

Iron 

Lead 

Maanesium 

Manganese 

Mercury 

Potassium 

Sodium 

Thallium 

Vanadium 

Zinc 

. . . .._ . . . . . . . . . . ..-.... . . . . . . . . . 
ND (3) ~~~~~~ ND (3) 4.58 ND (3) 5.28 ND (3) 5.28 ND (3) . . . . . . .../.... . . . .A.......... ND (3) ND (3) ND (3) ND (3) ND (3) 

..: . . . . . . . . . . . . . . . . . . . . . . . 
10.38 ;$&~&:;j;;$ ibid: 38.48 ~~~~~ 

:::,:: :,:,..... :.:.:.:.:.:.:.: . . . . . . . . 
51B 1 9.9 B ND (3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,.......,.....,........ .\ . . . . . ..:...> 

,sialrXcili:iiiiiiiiii 
.: . . . . . . . . . . . . . . . . . . . . ..> .,. . . .,.,. :.. . . . . . . . . ::.: . . . . . . . .,. ., 
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TABLE 4-1 (Continued) 

E 
DATA SUMMARY TABLE 
POSITIVELY DETECTED CHEMICALS &g/L) - AREA C MONITORING WELLS I 

NAWC WARMINSTER, PENNSYLVANIA 

P 
ch 

f 

Chemical 
Area “C” Monitoring Wells 

DG-6 DG-14 DG-15 DG-22 DG-24 

Acetone j~~~~~~~~~ 
~“:::a.:.:.~.:,:,: .+,.,__,., ,, ,, (, (, (, ,, 78 R R R 

I Tetrachloroethene ND (I) ND (1) ND (1) ND (1) I ND (11 ND (1) 

Diethyfphthalate NA NA NA ND (10 UL) NA NA 

Di-n-butyl phthalate NA NA NA ND (10 UL) NA NA 

Endosulfan II NA NA NA ND (0.10) NA NA 

Aluminum 
.:.:.:.:. ;:<:;z 
:;::2:::> . . . . . . . . . .._.........._...... .,., I I 

~~~~~ ND (33) i ND (33) 1 ND (33) ~~ ND (33) ~~~ ND (33) ~~ND(33)~~ ND (33) . 
. . . . . . . . . . . . . . . . ,. . . . ..r... . . . . . . . . . . .,.....,.,...,.,...,.. . . . . . . . . . . . . . . . . . :... 

$zgjg$g] ND (34) 
Antimony ND (34) ND (34) ND(34) $$j$ ..______ 

. . . . . . ..L... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . rirmcl 
,,,,, (3) ND (3) ND (3) ND (3) 

Beryllium 

Cadmium 

Calcium 

Chromium 

ND (II ND (I) ND (II ND (1) 

ND (31 ND (31 ND (3) ND (3) 
.,.,._,LL.............i..... $i&##&*; ii~~~~ ~~~~~~~~~~~~ 

A.. _.... . . . .A ..:.:+ 1C.X.. i. .c. . . . .:...z........ .,,.. .._._......... ?.. ‘... .r: . . . . . ,.,.,.... ,,.,.., ,,. 

1 ND (7) ND (7) 12.68 1 9.78 

Cobalt i ND (4) ND (41 ND (4) ND (4) 

Comer 

ND (7) ND (7) ND (7) ND (7) ND (7) ND (7) ND (7) ND (7) 

ND (4) 1 4.18 1 ND (4) 1 ND (41 1 ND (4) 1 ND (4) 1 ND (4) 1 ND (4) 

ND (6) 1 ND (6) ND (6) ND (6) 1 ND (6) 1 ND (6) 1 ND (6) 1 ND (6) 
I 

1728 1258 ND (5) ND (5) 

ND (1) ND (1) ND (11 ND (1) ND (1)’ ND (11 ND (II ND (Ii 

IM ercurv ND (0.13) ND (0.13) ND (0.14) ND (0.14) ND (0.13) ND (0.131 ND (0.13) ND (0.13) ND (0.13) ND (0.141 ]-ND (0.14) 1 

Potassium 

Sodium 

Thallium 

Vanadium 

Zinc 

ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) 

5.4B ND (3) ND (3) ND (3) ND 13) ND (3) ND (3) ND (3) ND (3) ND (3) ND (3) ND (3) 
~~~~~~b~~::~:~~:i:~ .~~:~~~~~~~~~.‘.‘.‘.‘.‘.‘.~ ._ __ : _ .&:@.jj$z: ~~t~~~~~~~l 

. . . . . . . . . . . . . . . . . . . . . . . . . ...C......... 
:::* . . . . . . . . . . . ..(....... gg:i:;:. :+:+a~. i. .A. . . . . . . . . . . . . . . . .._ . ..r.. . . . . . .r. 

2 , -2 B ~~~~~~ 10.88 ~~~~1 17.48 
I?:.:.. ND (3) 16.88 ND (3) 



TABLE 4-1 (Continued) 
DATA SUMMARY TABLE 
POSITIVELY DETECTED CHEMICALS &g/L) - AREA C MONITORING WELLS 

I 

NAWC WARMINSTER, PENNSYLVANIA 

Area “C” Monitoring Wells I 
Chemical 

Acetone 

Tetrachloroethene 

Diethylphthalate 

Di-n-butyl phthalate 

DG-28 HN23-S HN23-I I HN23-X Hi&l-S HN24-I 

R 74 ND (5) 
:.i;:~;:.:~.::::::::~.::::::~.;:~ .., .:.:.~..>:.:.:.:.:. 
. ..i... ‘.‘..“:.:.:.:.:.:.:::::::~::::::: 

ND (1) 3.0 ND (1) 
::$$:::::::::::::::::::c::::::y 
. . ..A ::::::::::::::::::::::::::::::::, 

ND (10) ND (10) ND (10) ND (10). . . I 

ND (10) ND (10) ND (10) ND (10) I ND (10) I ND (10) I ND (10) 

1 ND (0.10 UL) I ND (0.10 UL) I ND’(O.lO) 1 ND (0.10 UL) I 

ntimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

ND (3) ND (3) ND (3 

. ..~‘~‘.‘~‘.‘;‘~‘;‘~‘:‘;‘;,~;,~,;,~,;,~,~,~,;,~,~, 

ND (1) 
F..:. 41: .;:::: 

Calcium 

Chromium 

Cobalt 

. ,.,.,._ 

ND (7) , , I 

ND (4) ND (4) ND (4) ND (4) ND (4) ND 

Magnesium 

Manganese 

Mercury 

. . . . . . . . ..i.. ;:::::::::i:: .:.:.:.:.:.:.: ‘.:.:.:.:...:.:.‘.‘...~.:...~.:.:...:. .:.:.:.:.:‘...)..:‘.:.......~.: .\.. 

ND ND ND 

(0.13) (0.13) (0.131 

6Bj 
ND (4) 

..j ..i -.j 
I I 

4.1B ND (4) ND (4) ND (4) ND (4) 

Sodium 

Thallium 

Vanadium 

Zinc 

:::::: i.... 5:::: .A.... . . . . . .._ . . :... .A.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) 

ND (3) ND (3) ND (31 ND (3) ND (3) ND (3) ~~~~~~~1 ,,,D (3) ND (3) ND (3) ND (3) ND (3) 3.38 ND (3) ,.,.,.,.,. _,. ,_i,_i/,__...,_,. .,.,. ,.,.,.,.,.,.,.,.,.,.,. 7*5B y:::::: “’ “.’ .,.,. .,. . . . . . . . . . . . . . . . . . . . . . . . . 
:,~,,,i~~~~~ 21.8~ ~~~~~ 30.2B ND (3) 1 58.88 ~~~8~~ 13.18 ~~~~~~ 9.18 ~~~~l~~ 27.88 ~~~~~i 

I I / I 1 I I J I 1 I I I I I / I 



, 

TABLE 4-l (Continued) 
DATA SUMtiARY TABLE 
POSITIVELY DETECTED CHEMICALS &g/L) - AREA C MONITORING WELLS I 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 
Area “C” Monitoring Wells 

HN25-S HN25-I HN26-S HN26-I HN27-S HN27-I HN28-S 

Acetone ND (5) ND (5) R R 5B R ~~~~~~~~ 

Tetrachloroethene ND ( 1 t fxBj ..t.. 5 ..t.. :.:.:.:.:.:.:.:~:.:.:.:,:.~; 
.ix~~~~~~~~~~~g~~~~~~~ 

ND (1) ND (1) ND (1) ND (1) ND (1) 

Diethylphthalate ND (10) I------- ND (10) ND (10) ND (10) ND (10) ND (10 UL) NI 

Di-n-butvl phthalate ~~~~~~~~~~ ~~~~~~~ 1J 
~~~~:~:~:~:~:~:~:~:~:~:~:~:~ 

. . . . . . . . . . . . . . . . . . . . . . . . . .:,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,.,.,...,...,...........,.,.,..., < .,._.,.,.,. ND (10) ND (10) ND (10) :~~:~:~::::::i:~.:.:.;.~ 9. . . . .A.. .A........ 

I 1 
- 

Endosulfan II NA NA ND (0.10 UL) ND (0.10 UL) ND (0.10 UL) ND (0.10 UL) 
:.:.:.:.:.:.:.~~t.:. 
:;<~J;:{<:x 

Aluminum 

Antimony 

Arsenic 

::i: ::::: ::::: .,.,.iii_,.....(_.. . . . . . . . . . . . . . . . . . . . .A. . . . . . . . . . . . . . . . . . . . . . . . ..*...... 

ND (34) ND (34) 1 ND (34) 
::.:.:.p:. :::::::::::> :.:.:.:.:.:.: 

:::~.::::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: 

I I 
:~:as?~~~~ 

..L............... . . . . . :::> ,.... . ..i. ,. ,.. 
i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :..i....i . . . . . t . . . . . . . . . . . . . . ,A.,. . . . . . . . . . . . . . . . ..A x...,....... . . . . . 

@@@!I ,,,,, (33) ~~~1 ND (33) j$$@$fj@$ ND (33) ~~~1 ND (33) ~~~~ ND (33) ~~~~ 
..‘i’ ..“‘...“..p. 

..i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,.,........... ,A... ,A., . . . . . . . . . . . . . . . . . .,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
.:.~:.:‘:‘:“.:.:................,. 

ND (34) 1 ND (34) ~@J&&$j$] 50.08 
,.... . . . . . . . . . . . . .A.... ..A...,.,. 

ND (3) ND (3) ND (3) ND (3) 1 ND (3) 1 ND (3) 1 4.38 1 ND (3) ND (3) ND (3) ND (3) 

. . . . . . . . . . . . . . . . ..~.....~.......~...... 

ND (1) ND (1) ND (1) 1 ND (1) ND (1) ND (1) ND (1) ND (1) 1 ND (1) 1 ND (1) ND (1) 

ND (3) 1 ND (3) ND (3) ND (3) ND (3) I ND (3) I ND (3) I ND (3) 1 ND (3) 1 ND (3) 1 ND (3) 
..‘.....‘.‘.i’.“.....:.:.. . . . . .._ . . . . 

t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~ $$ 
j.$ 
., {:$ 

:3 A.... l(7) ND (7) 8.78 13.28 8.38 ND (7) 9.38 ND (7) ND (7) . . . . ,.,.,. i ..,.,.....? . . . . :.:.:.:.:.. , 1 1 1 1 1 1 1 1 

ND (4) 1 ND (4) 1 ND (4) 1 4.18 1 ND (4) -1 5.38 1 4.28 1 6.1B 1 5.OB 1 ND (4) 1 ND (4) 1 5.OB 1 ND (4) 1 ND (4) 

Calcium 

Chromium 

Cobalt 

I Cower 
1 l.OB 79.48 17.9B 68.88 27.7B 

ND (6) ~~~~~~~~~~1 ,,,D (6) 1 
,A.,.. . . . . . . . ..i...... . . . . . . . .A.. . . ..A.......... x :. i. ,.. 

ND 1 ND 1 ND 1 ND ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 

.:>::‘o 

Manganese ;$$$$z ..__,,,, 
Y ., . . . . 

Mercury 

Potassium 

Sodium 

Thallium 

Venadium 

Zinc 

. . . . . ii.; 
.I.. . . ..I... . . . . . . . ..i.. .,. ,.... .,.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..\....?................ ..,.. . . . . . . . . . . . . . . . . . . . . ..L........ . . . . . . .,....................... :. .:.xs.. ..1.......... .I.. .,.:.... . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. ,.... .A.. .A.. . . . . . . . . . . . . . . . . . . . . .a.. . . . . . ,..... . . . . . . . . . i.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) 1 ND (4) ND (4) ND (4) ND (41 ND (4) ND (4) ND (4) 

4.5B ND (3) ND (3) ND (3) 3.1 ND (3) ND (3) ~~~~~~ ND (3) ND (3) ND (31 ND (3) 4.88 ND (3) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

58.58 .~~$I:~$.q~ 3g l B f -:::::::::::, ,,. .*, ,;:::::::: . .._ ,. .,. _,_ .,. ., 



TABLE 4-l (Continued) 
DATA SUMMARY TABLE 
POSITIVELY DETECTED CHEMICALS &g/L) - AREA C MONITORINf 
NAWC WARMINSTER, PENNSYLVANIA 

Chemical 
Al 

HN28-I I HN28-X I HN29-S 

Acetone 

Toluene I ND (11 ND (1) ND (1) 

Tetrachloroethene ND (1) I ND (1) I ND (1) 
Diethylphthalate ND (10) ND (10) ND (10) 

Di-n-butyl phthalate I ND (10) I ND (10) ND (10) 

Endosulfan II I ND (0.10) ND (0.10) 1 ND (0.10 UL) 

Copper 

Iron 

Lead 

ND (6) 1 ND (6) 1 ND (6) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ND (6) ~~~~~ ND (6) 

[~~~~u,irct~~~~~~~~~~~ -i.~~~~~O ,j;’ :::::::i::.“‘.“.:.“:.....:.:.:.:. .,.,.,.,.,., 
L.......... .i :..:... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ND (5) ._ ._. . . .,...,,, ,(,,.,.,.,.,., 

ND (1) ND (1) ND (1) ND (11 ND (1) ND (1) 

Manganese 

Mercury 

Potassium 

Sodium 

ND ND ND ND ND ND 

(0.13) (0.13) (0.13) (0.13) (0.14) (0.14) 

ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) Thallium ND (4) ND (4) ND (4) ND (4) ND (4) ND (4) 

Vanadium 1 ND (3) 1 ND (3) 1 ND (3) 1 ND (3) ND (3) ND (3) ND (3) ND (3) ND (3) ND (3) 

Zinc 1 23.68 1 ND (3) 1 
. ..i........... . ..I. ::. ., ;. 

ND (3) 1 ND (3) 

Metals results for unfiltered samples are presented in left hand column and for filtered samples are presented in right hand column for each sample. 

Qualifier Codes: ND = analyte not detected at quantitation/detection limit in parenthesis, J = estimated result, B = not detected due to blank contamination, K = positive 

result biased high, L = positive result biased low, UJ = estimated quantitation limit, UL = estimated quantitation limit, biased low, 

I WELLS 

,a “C” Monitoring W 

HN29-I HN29-X I HN34-S 1 HN34-X 1 

R 

ND (1) 

ND (1) 

ND 110) 

ND (10) 

ND (0.10) 

iiis!zz 

ND (3) I ND (3) ND (3) I ND (3) I ND (3) I ND (3) I ND (3) I ND (3) I 

~~ 
::::: . . . . . . . . . . ..:...: . . . . . . . . . . . :.:.: .:.x .,._.., 

ND (7) ND (7) 

ND (4) I ND (4) 

ND (6) I ND (6) 

ND I ND 

(0.13) (0.13) 

Y 

‘IIS I 

ND (10) 1 ND (‘0) 1 ND (10) 1 

ND (0.10 UL) 1 ND (0.10 UL) I ND (0.10) I 
I I 

2.. .L................................ .,.,.,.,.,.,.i ,. .,.,. ., . . . . . . ..I. . . . . . . . . .i., . . . . . . . . . . . . 
~ir~~~~l ND (33) 1~~~~~1 ND (33) ~~~~~~~f ND (33) 

21 ND (34) I ND (34) I 
...................................... 

ND (34) I~~~~~~~~ 
................................................... 
.iiiiiiii~~~~~l &) i&j ................... 

ND (1) ND (1) ND (1) 1 ND (1.0) 1 ND (1) 

. . if’~~~l’~~~.l~~~~~~~ ~~~~~~~~~ae’~~~~~~~ 
. . . . . . . . . . . . . ..r............ :+:v .\.A........ t.. . . . . . . .._ .*. .,.....,....._ . . . .._ r. . . . . . . . . . . . . . . . . . . . . . _ * . . . . .._..__ .,.,.......,.,_ 3 ..,_.,......... f 
. . . . . ,.,., L.,....... ..,.... :..... 
~~~~~1 ND (7) ND (7) 118 ND (7) ND (7) 

18.68 I ND (4) I 5B 4.28 4.1 B I ND (4) I 

ND (0.13) I (ONP3) I IO?31 I (ONP3) I (ONP3) I (ONP3) I 



TABLE 4-2 

MONITORING WELL GROUPINGS 
NAWC WARMINSTER, PENNSYLVANIA 

Background Wells 

BG-2 
BG-6 

HN-01 I 
HN-01 D 
HN-26s 
HN-261 

Area C Wells 

BG-5 HN-231 

;;;;I:; 
HN-23X 
HN-24s 

DG-4 HN-241n 
DG-5 H N-24X13’ 
DG-6 HN-25s 
DG-14 HN-251 
DG-15 H N-26s 
DG-16 HN-261 
DG-22 HN-27s 
DG-24 HN-271 
DG-28 HN-281 

HN-23s”’ H N-28X’4’ 
HN-29S’4’ 

HN-291 
HN-29X 
HN34S 

HN-34X’*’ 

(1) 

(2) 
Field duplicate sample pair 

13) 

Field duplicate sample pair 

(4) 

Field duplicate sample pair 
Field duplicate sample pair 

Site 4 
Downgradient Wells 

DG-4 
DG-5 
DG-6 
DG-15 
DG-16 
DG-22 
DG-24 
DG-28 

HN-28X14’ 
HN-29Sf4’ 

HN-291 
HN-29X 

Note: Well identification numbers correspond to Table 4-l sample identification 
numbers. 



is also detected in HN-241 at 1 pg/L, but its presence was not confirmed in the duplicate of this sample. 

The upgradient well cluster, HN-26s and HN-261, as well as HN-231, HN-23X, HN-27S, and HN-271, did not 

contain detectable quantities of any organic chemicals. 

The distribution of PCE across Area C is shown in Figure 4-1. 

Numerous metals were detected in the unfiltered and filtered groundwater samples collected from Site 8 

wells; however, the concentrations appear to be generally within background ranges. Total metals results 

will be used to support conclusions about groundwater chemicals at Area C. The total metals 

concentrations, although to be used for risk assessment purposes, can provide misleading information 

because of suspended materials in the sample. Dissolved metal results can sometimes provide a more 

accurate of the presence or absence of mobile metals in groundwater. 

4.2.2 Site 4 and Adiacent Areas 

.- 

Site 4 has been identified as a landfill area where trenches were dug and materials deposited prior to 

backfilling. It is alleged that hazardous materials may have been disposed of in the trenches. Groundwater 

immediately adjacent to and upgradient of the site (86-2 and BG-6) do not contain detectable quantities of 

organic chemicals. On the downgradient (north) side of the site, low concentrations of acetone and toluene 

were detected. Acetone was detected at concentrations of 52 pg/L and 17 pg/L in wells DG-16 and DG-6, 

respectively. Acetone is also present at concentrations ranging from 10 to 15 pg/L in the cluster of shallow, 

intermediate, and deep wells at HN-29. The positive acetone result in the intermediate well was not 

confirmed in the associated field duplicate sample, which was nondetect for this and all other organic 

compounds. Toluene is present at DG-22 and DG-24 at concentrations of 1 and 2 pg/L, respectively. No 

.- 

_- 

other positive results are reported for organic chemicals in the wells around Site 4. 

Monitoring wells HN-28s and HN-281, located about 600 feet west of Site 4 and 1,000 feet east of Site 8 

contained several organic compounds at low concentrations. HN-28s contains detectable amounts of 

acetone (8 kg/L), di-n-butylphthalate (1 pg/L) and the pesticide endosulfan II (0.37 pg/L). The intermediate 

depth well contained acetone at a concentration of 4 pg/L. The pesticide detection is surprising in that this 

chemical has not been historically detected in Area C and it is not typically detected in the groundwater 

because of a high affinity for binding to organic carbon contained in soil. It is worthy to note that detected 

concentration is low (very near the analytical detection limit). Cluster 28 is not located downgradient of any 

identified potential source areas, so the low concentration positive detections of organics is unexpected. 

R-06-94-2 4-l 0 
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Numerous metals were detected in unfiltered and filtered groundwater samples collected from Site 4 wells; 

however, with the exception of a single detection of thallium, the representative concentrations appear to 

be within background ranges. 

A summary of the analytical results reported for positively detected chemicals in the filtered and unfiltered 

groundwater samples is provided in Table 4-l. Also, a summary of the range of detections and frequency 

of positive detection for chemicals detected in at least one sample from Area C is provided in Table 4-3. 

The information in the frequency of detection table allows the identification of the location where the 
. 

maximum concentration was detected. Appendix E contains the complete set of analytical results. 

4.3 OFF-BASE RESIDENTIAL WELLS 

A number of off-Base wells in the vicinity of Area C have been sampled by the Navy since the Spring 

of 1993. These wells include all homes located on Kirk Road as well as a well serving Werner Park (see 

Figure 4-l). The samples were analyzed for volatile organic compounds, the results of which indicate the 

presence of tetrachloroethene in seven wells at concentrations which range from 5 to 31 pg/L. As shown 

in Figure 4-1, the tetrachloroethene groundwater contaminant plume appears to be centered around several 

residences that parallel Kirk Road. The affected locations have subsequently been provided water treatment 

systems by the Navy and/or are being connected to a public water supply. 

-- 

.- 

I- 

.- 
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TABLE 4-3 

FREQUENCY OF OCCURRENCE AND DISTRIBUTION 
POSITIVELY DETECTED CHEMICALS - AREA C MONITORING WELLS 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

ORGANICS 

Frequency of 
Detection 

Range of Positive 
Results 

6.&L) 

Location of 
Maximum 

1 Acetone I g/24 I 8-74 1 HN23-S 1 

1 Toluene I z/34 1 I DG-22 1 

Tetrachloroethene 1 o/34 l-29 HN24-S 

I Diethylphthalate I l/Z I I HN24-I 1 

I Di-n-butyl phthalate I 4/22 I I-2 1 HN25-S.I 1 

I Endosulfan II I l/22 I I HN28-S 1 

TOTAL METALS 

I Al uminum I 30/34 1 45.9-20,900 I HN29-X 1 

Antimony l/34 47.3 HN29-I 

IA rsenic I 17/34 I 3.0-l 3.6 I HN28-S 1 

.I Barium I 34/34 1 40.8593 I DG-4 I 
Beryllium 

Cadmium 

4/34 1.1-1.5 BG-6/HN25-S 

8/34 3.2-4.4 HN25-S 

A 

F 

Calcium 

Chromium 

34/34 11,900-67,700 DG-15 

4/34 8.0-15.5 H N29-X 

I Cobalt I 2/34 1 4.1-l 6.5 1 HN23-X 1 
1 1 I 

I 21/34 6.6-79.2 HN29-X Copper 

II ron I 23/34 1 107-35.200 1 DG-4 I 
Lead 

Magnesium 

12134 1.0-l 1.9 BG-8 

34/34 4.71 O-33.700 HN29-X 

I Manganese I 31/34 1 13.5-l ,840 1 HN29-X 1 

I Mercury I 5/34 I 0.13-0.22 1 HN25-S 1 

1 Potassium I 32/34 1 865-2,360 1 BG-2 

I Sodium I 34/34 I 5.370-35.200 1 HN24-I 1 

Thallium 

Vanadium 

l/34 5.1 HN29-I 

2134 20.9-21.7 HN29-X 

Zinc 13/34 8.4-225 DG-8 



TABLE 4-3 (Continued) 
FREQUENCY OF OCCURRENCE AND DISTRIBUTION 
POSITIVELY DETECTED CHEMICALS - AREA C MONITORING WELLS 
NAWC WARMINSTER, PENNSYLVANIA 

Chemical Frequency of 
Detection 

Range of Positive 
Results 
Ml/L) 

Location of 
Maximum 

DISSOLVED METALS 
l- 

Aluminum I l/34 I I BG-2 

Antimony 12134 35.2-64.7 HN26-I 

Arsenic 4/34 3.7-l 0.9 HN28-S 

Barium 34/34 45.7-552 DG-4 

Cadmium 2/34 4.3-5.5 HN25-S 

Calcium 34134 9,070-64,000 DG-15 

Copper 11/34 6.1-17.3 HN34-S 

Iron 13/34 5.6-l 8,200 DG-4 

Lead 2/34 1.7-15.9 MWOl 

Magnesium 34/34 2,790-28,000 HN29-X 

Manganese 28134 , 1.4-l ,380 DG-15 

Mercury 

Potassium 

Sodium 

l/34 0.33 BG-6 

31/34 747-2,220 BG-2 

34/34 5,380-34,600 HN24-.I 

Vanadium 

Zinc 

2/34 3.6-3.8 HN26-I 

23/34 3.5-47.0 DG-6 

R-06-94-2 4-l 4 
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5.0 CONTAMINANT FATE AND TRANSPORT 

The ultimate fate of chemicals in the environment is determined by a multitude of physical, chemical, and 

biologically related factors. The role that physical properties such as specific gravity, solubility, and vapor 

pressure play in determining what processes take place for a particular chemical is often variable, and can 

vary considerably from location to location, even within the same contaminant regime. Chemical and 

biological transformational processes can also be significantly affected by localized effects. 

c 

*il 

This section of the report will provide a summary of the physical and chemical transport properties for the 

chemicals detected in the groundwater at Area C. No distinction of location or magnitude of chemicals will 

be made in this section. The information presented in the second subsection will discuss chemical 

persistence and transport phenomena for the general classes of compounds detected in the groundwater. 

Finally, the last section will address contaminant migration routes and qualitatively identify the routes of 

human exposure. 

e-=- 

5.1 PHYSICAL AND CHEMICAL PROPERTIES 

Various chemical and physical properties of the detected contaminants are presented and discussed in this 

section. These parameters are used to estimate the environmental behavior of site chemicals. Empirically 

determined literature values of the water specific gravity, vapor pressure, solubility, octanol/water partition 

coefficient, organic carbon partition coefficient, soil-water partitioning coefficient, and Henry’s Law constant 

are presented. Calculated values are presented if literature values are not available. A discussion of the 

environmental significance of each of these parameters follows. 

A summary of the physical and chemical transport properties for positively detected organic chemicals is 

provided in Table 5-1. Partitioning coefficient ranges for detected metals are presented in Table 5-2. This 

data is used to evaluate contaminant migration and assess exposures in the risk assessment. 

5.1.1 Specific Gravity 

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to 

the weight of the same volume of water at a given temperature. Its primary use is to determine whether a 

contaminant will have a tendency to float or sink in water if it is present as a pure compound or at very high 
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TABLE 5-l 

’ ENVIRONMENTAL FATE AND TRANSPORT DATA I 

FOR POSITIVELY DETECTED ORGANIC COMPOUNDS - AREA C GROUNDWATER 
NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

Acetone 

Toluene 

Tetrachloroethene 

Diethylphthalate 

Di-n-butylphthalate 

Endosulfan II 

Molecular Vapor 
Weight Specific Pressure 

(gm/mol) Gravity (mm Hg) 

58.08 0.7899 266 

92.14 0.8669 28 

165.83 1.623 19 

222.24 1.118 0.05 
(70 “C) 

278.35 1.047 (11%) 

406.95 1.745 1 x10.5 

Solubility 
(w/L) 

Miscible 

515 

150 

1,080 

400 

0.33 

Octanol-Water Organic Carbon 
Partitioning Partitioning Henry’s Law 

Coefficient Coefficient Constant 

(Kow) Woe) 
(atm m3/mol) 

0.575 9.2 4.28 x 1O’5 

490 300 5.92 x 1U3 

339 364 2.69 x 1U2 

912 142 8.46 x lo” 

1.59 x 105 1.7 x lo5 2.8 x lo.’ 

4.26 x lo3 9.6 x 1U3 1.91 x lo.5 

I 1 I I ! I I i 



TABLE 5-2 

SUMMARY OF SOIL PARTITIONING VALUES 
FOR POSITIVELY DETECTED METALS - AREA C GROUNDWATER 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical Molecular Weight Partitioning Coefficient 
(sm/mol) Range(‘) (Kd) 

Aluminum 26.98 NR 

Antimony 
. 

121.75 NR 

I Arsenic 1 74.92 ~ I- 1.0 - 8.3 (trivalent) 1 

I Barium I 137.34 I ~ NR -1 
Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

9.01 

112.40 

58;93 

63.54 

NR 

1.3 - 2.7 

470 - 150,000 (trivalent) 
1.2 - 1,800 (hexavalent) 

0.2 - 1,800 

1.4 - 333 

I iron I 55.85 -T 1.4 - 1,000 -1 

I Lead I 207.19 I 4.5 - 7,640 I 

Magnesium 24.31 1.6 - 13.5 

Manganese 54.94 0.2 - 10,000 

Mercury 200.59 NR 

1 Potassium I 39.10 I 2.0 - 9.0 -1 

I Thallium I 204.37 I 2,000 - 510,000 I 

Vanadium 50.94 NR 

Zinc 65.38 0.1 - 8,000 

NR Value not reported. 

(1) Dragun, 1988. 
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concentrations. Contaminants with a specific gravity less than 1 will tend to float, whereas contaminants 

with a specific gravity greater than 1 will tend to sink. _- 

5.1.2 Vapor Pressure 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water. 

It is of primary significance at environmental interfaces, such as surface soil/air and surface water/air. 

Volatilhation is not as important when evaluating contaminated groundwater and subsurface soils. However, 

in order to conservatively evaluate chemical exposures at the five sites, it will be considered. Chemicals with 

high vapor pressures are expected to enter the atmosphere more readily than chemicals with low vapor 

pressures. Semivolatile organic and pesticides and PCB compounds are considered to have low vapor 

pressures. 

5.1.3 Solubility 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is directly 

proportional to its water solubility. Several of the detected volatile organic compounds have relatively high 

water solubilities, but the low concentrations observed in soils indicate low potential for significant 

desorption. The pesticides and PCBs are considered to have low solubilities and also would not be 

expected to migrate through the soil column and reach the water table. 

The solubility of inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides, 

carbonates, etc.). The solubility is also strongly dependent on pH, Eh, and the presence of other ionic 

species in solution (the Debye-Hiickel theory). .Solubility products reported in the literature vary with the 

type of complex formed. Based on review of the analytical data for soils and groundwater at all sites, it is 

believed that the metals in soil are not adversely impacting the groundwater. 

5.1.4 Octanol-Water Partitioning Coefficient (Kow) 

The octanol/water coefficient is a measure of the equilibrium partitioning of chemicals between octanol and 

water. A linear relationship between the K,, and the uptake of chemicals by fatty tissues of animal and 

human receptors (the bioconcentration factor) has been determined (Lyman et al., 1990). It is also useful 

in characterizing the sorption of compounds by organic soils where experimental values are not available. 

Larger organic molecules such as semivolatiles and pesticides and PCBs are very likely to partition to fatty 

tissues, while less complex organic chemicals have lower Kow values. 
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5.1.5 Omanic Carbon Partitioninn Coefficient (Koc) 

The soil/sediment partition (organic carbon partition) coefficient indicates the tendency of a chemical to bind 

to soil particles containing organic carbon. Chemicals with high Kocs generally have low water solubilities 

and vice versa. This parameter may be used to infer the relative rates at which more mobile chemicals are 

transported in groundwater. Complex organic chemicals are relatively immobile and are preferentiallly bound 

to the soil phase. These compounds are not subject to rapid groundwater transport. These immobile 

chemi&s are, however, easily transported by erosional processes when they are present in surface soils. 

5.1.6 Distribution Coefficient (Kd) 

The soil-water pa&ioning (distribution) coefficient is a measure of the equilibrium distribution of a chemical 

or ion in soil/water systems. The distribution of organic chemicals is a function of both the K,, and the 

amount of organic carbon in the soil. 

51.7 Henry’s Law Constant (HZ 

Both the vapor pressure and the water solubility are of use in determining volatilization rates from surface 

water bodies and groundwater. The ratio of these two parameters (the Henry’s Law constant) is used to 

calculate the equilibrium contaminant concentrations in the vapor versus the liquid phases for dilute 

solutions. In general, chemicals with a Henry’s Law constant less 5eSB atm-m3/mole should volatilize very 

little and be present only in minute amounts in the atmosphere or in soil gas. Henry’s Law constant will be 

used to calculate the equilibrium soil gas vapor concentration for volatile organic compounds in 

groundwater. 
W 

5.2 - CONTAMINANT PERSISTENCE 

rr* 

The persistence of the classes of organic contaminants is discussed in this section. The text will address 

general classes of the detected chemicals because the fate of chemicals in the environment is usually similar 

for chemicals within a particular chemical family. 

5.2.1 Ketones 

Ketones are characterized by high aqueous solubility, volatility, and are readily biodegradable in both soil 

and water. Hydrolysis is not considered to be a significant fate process for this class of chemicals. The 

bioacculumation of ketones is not significant, due to low octanol/water partitioning coefficient. The only 
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detected ketone, acetone, is not pervasive at any site and is not noted to be a historically prevalent 

contaminant at any of the previously investigated sites in the general area. 

5.2.2 Chlorinated Aliphatics 

Research has demonstrated that aerobic bacteria predominantly degrade organic compounds containing 

zero, one, or two halogens, while anaerobic bacteria predominate when more halogens are present. Thus, 

highlychlorinated aliphatic hydrocarbons such as tetrachloroethene are subject to reductive dehalogenation 

via the action of anaerobic bacteria. It does not appear that appreciable degradation of highly halogenated 

aliphatics occurs in aerobic aquatic systems or unsaturated soils (Lyman, et al.,‘1982). 

The transformation pathways for chlorinated aliphatic hydrocarbons in soil systems has been documented 

by Dragun et al. (1988). Tetrachloroethene and trichloroethene are transformed via reductive dechlorination 

to 1 ,ldichloroethene and 1,2dichloroethene isomers. The terminal product of the transformation series is 

vinyl chloride, the chlorinated ethene with highest toxicity. 

5.2.3 Phthalate Esters 

Phthalate esters are considered to be relatively persistent environmental contaminants. Although numerous 

studies have demonstrated that phthalate esters undergo biodegradation, it appears that this is a very slow 

process in both soil and surface water. Certain microorganisms have been shown to excrete products that 

increase the solubility of phthalate esters and enhance their biodegradation (Gibbons and Alexander, 1989). 

Biodegradation of bis(2-ethylhexyl)phthalate and other phthalate esters is an important fate mechanism, as 

is bioaccumulation. Hydrolysis of phthalate esters is very slow, with calculated half-lives of 3 years 

(dimethylphthalate) to 2,000 years (bis(2-ethylhexyl)phthalate) (EPA, December 1979). Similarly, photolysis 

is considered to be an insignificant degradation mechanism (EPA, December 1982). 

5.2.4 Monocyclic Aromatic Hydrocarbons 

Monocyclic aromatic compounds such as benzene, toluene, ethylbenzene, and xylenes are not considered 

to be persistent environmental contaminants in comparison to PAHs, phthalate esters, and metals. 

Monocyclic aromatics are subject to degradation in both soil and water via the action of microorganisms. 

The biodegradation of these compounds in the soil matrix is dependent on the abundance of microflora, 

macronutrient availability, soil reaction (pH), temperature, oxygen, etc. 
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Although these compounds are amenable to microbial degradation, the rate of degradation cannot be 

predicted without information of the availability of nutrients and the type of bacteria present. If these 

contaminants discharge to a surface water body, volatilization and biodegradation may occur relatively 

rapidly. For example, a reported first-order biodegradation rate constant for benzene is 0.11 day” in aquatic 

systems (Lyman et al., 1996). This corresponds to an aquatic half-life of approximately 6 days. Other 

monocyclic aromatics are subject to similar degradation processes in aquatic environments (EPA, 

December 1982). 

Additional degradation processes such as hydrolysis and photolysis are considered to be insignificant fate 

mechanisms for monocyclic aromatics (EPA, December 1982). However, some monocyclic aromatic 

compounds, such as benzene and toluene, have been shown to undergo clay-, mineral-, and soil-catalyzed 

oxidation (Dragun, 1988). 

5.2.5 Polynuclear Aromatic Hydrocarbons (PAHsl 

Although not detected in the groundwater at Area C, PAHs are known to be present in the soil immediately 

surrounding the fire training area (Site 8). PAHs are common constituents of oil and grease. Landspreading 

applications have indicated that PAHs are amenable to microbial degradation. Studies have demonstrated 

that PAHs are much more amenable to degradation in soil matrices than in aquatic environments (EPA, 

December 1979). Under existing site conditions, the rate of microbial degradation cannot be predicted 

without knowledge of microbial populations. PAHs do not contain functional groups that are susceptible 

to hydrolytic actions, and hydrolysis is considered to be an insignificant degradation mechanism. Phlotolysis 

may be a major degradation mechanism in aquatic environments, but is probably insignificant in surface soil. 

5.2.6 Pesticides 

Whether pesticides are sprayed, dusted, or applied directly to the soil, the soil is the ultimate sink for these 

chemicals. Pesticides typically have a high affinity for binding to organic particulates in soil, are very limited 

as to water solubility, and have very low vapor pressures and Henry’s Law constant values. Consequently, 

the chemicals are some of the most immobile of environmental contaminants. 

Endosulfan II, detected in one groundwater sample, is noted to be hydrolyzed readily in a base catalyzed 

environment, negligibly in neutral and acidic environments, and is also quite resistive to bacterial 

biotransformation. It is unusual that the pesticide was detected in the groundwater at all, and it is blelieved 

to be a false positive detection. However, conservative accounting of endosulfan II is required, and being 
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dissolved in the groundwater, the fate of this chemical will likely be downgradient migration with the bulk 

flow and possible partitioning to stationary organic material in the soil. 

5.2.7 Metals 

The transport and fate of metals in the environment are primarily controlled by sorption to soil/sediment 

material. The metal-organic relationships, both in soil and water, increase in importance as the organic 

carbon content increases. Some metals such as arsenic are extremely soluble and mobile in the 

environment. Many other metals such as nickel, selenium, zinc, and copper have an affinity for hydrous iron 

and manganese oxides, as well as for organic materials, and are therefore preferentially adsorbed to soil. 

The mobility of most metals increases as the soil pH decreases. 

5.3 CONTAMINANT MIGRATION ROUTES 

Based on the positively detected chemicals and associated analytical results for Area C, general conclusions 

can be made with respect to contaminant fate and transport and the possible exposure endpoints. These 

conclusions are discussed on a site-specific basis. 

Groundwater chemical contaminants can migrate from the original source of the release. The most common 

transport mechanism is water infiltration through a contaminated zone, where partitioning from solid to 

aqueous phase can occur. The potential amount of chemical solving into infiltration water is determined by 

a number of factors including residence time, solubility, partitioning factor, and pH of infiltration water. The 

dissolved chemicals continue downward migration and are able to interact with stationary (soil) particles in 

the saturated and/or unsaturated zones. 

After percolation through the capillary zone, dissolved contaminants are then able to enter groundwater 

where transport can occur in bulk (advection). The chemical concentrations in groundwater increase 

significantly shortly after initial groundwater impact to a maximum level. The longer-term effects at the 

source are a gradual decrease in the concentrations over time as chemical removal from the source area 

. 

occurs. Short-term variations in release rate and impact to groundwater can occur, but long-term trends 

of decreased levels are usually observed. Chemical diffusion and dispersion throughout the groundwater 

flow regime occurs as the groundwater flows. 

As materials are transported by the groundwater, a number of processes occur which can reduce the 

concentration of the chemicals. Diffusion and attenuation effects are nontransformational mechanisms that 

result in a direct decrease in chemical concentration. Chemical and biological reactions with dissolved 

R-06-94-2 5-8 



-- 

chemicals can also result in decreases in chemical concentration. The products, however, may have 

significantly different chemical, transport, and toxicological properties from the parent compoundls. 

Groundwater chemical contamination can vary over periods of time as climatic and meteorological 

conditions change. Also, as materials from the release (source) area are depleted, lower concentrations of 

contaminant are released into the groundwater. Eventually, the impacts to groundwater cease, and residual 

chemicals are subjected to dilution, and degradation via natural mechanisms. 

The following subsections will summarize contaminant migration potential and possible fate for the chemicals 

detected at the sites in Area C. 

5.3.1 Site 4 

P- 

The chemicals detected at and near Site 4 include low concentrations of acetone, toluene, di-n-butyl 

phthalate, endosulfan II, and metals. The results obtained in the downgradient wells for Site 4 indicate that 

the migration of chemicals from the former trenching area is limited off Base. Detected volatile organic 

chemicals in these shallow wells, acetone and toluene, are soluble and are typically very mobile in water. 

If the groundwater is being impacted by contaminants at Site 4, the current degree of impact is limited. 

Long-term trends cannot be identified, as limited soil (source) data are available, and the period over which 

monitoring has occurred is relatively short. 

Although metallic constituents have been detected, it is not believed that the metals are part of a migrant 

groundwater contaminant plume. There are no notable changes in metals concentrations for eitherunfiltered 

or filtered samples when upgradient wells are compared to those that are downgradient. 

W 

5.3.2 - Site 8 and Adiacent Areas 

PR 

The detected contaminants in the groundwater at Site 8 and in adjacent areas are associated with solvents. 

Detectable concentrations of acetone, tetrachloroethene, diethyfphthalate, di-n-butylphthalate, and 

endosulfan II are noted. All chemicals except the pesticide are mobile in the groundwater, the phthalate 

esters having a relatively high affinity for partitioning to organic carbon in soil. Based on the downgradient 

range of the contaminant plume (over 500 feet) and the detected concentrations of these chemicals in the 

Area C groundwater, it may be inferred that the’source area is on the Base, perhaps near the maintenance 

area. The mobile nature of the contaminants will allow them to migrate with the groundwater. Diffusion and 

dispersion mechanisms, as well as biological and, to a limited extent, chemical transformations may further 

“-- 
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reduce the downgradient concentrations of these chemicals. It is not likely that the source is depleted, as 

increasing concentrations of contaminants are noted for wells which are closer to the assumed source area. 
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6.0 RISK ASSESSMENT 

The risk assessment provides a quantitative assessment of the risks posed to human receptors which may 

be exposed to contaminants detected in the groundwater at Area C. The process consists of several 

elements including: 

C 0 

0 

Data Evaluation. Provides interpretation of analytical data with respect to the risk assessment 

and identifies potential chemicals of concern to human health based on frequency of detection, 

maximum concentrations, and individual chemical toxicity. 

Exposure Assessment. Provides a quantified measure of exposure by combining analytical 

information with defined exposure input parameters which are consistent with, and defined by, 

a conceptual site model. 

Toxicity Assessment. The section presents toxicological information for the identified potential 

chemicals of concern. Also included in this discussion is a summary of applicable State and 

Federal requirements and standards. 

Risk Characterization. This portion of the risk assessment integrates the results of the 

exposure and toxicity assessments to provide a numerical risk estimate for human receptors 

identified in the conceptual site model. The results of the characterization are interpreted to 

identify the risk levels which may be considered “acceptable” or “unacceptable.” 

The risk assessment process is designed to be extremely conservative. The risks presented are “worst 

case,” estimates associated with the most sensitive receptors. The methods used for the risk assessment 

are consistent with current U.S. EPA guidance as outlined in: 

l 

Risk Assessment Guidance for Superfund - Volume 1 - Human Health Evaluation Manual [Part A), 

U.S. EPA, December 1989. 

Risk Assessment Guidance for Superfund - Volume 1 - Human Health Evaluation Manual (Part A) 

“Supplemental Guidance” - Standard Default Exposure Factors, U.S. EPA, March 25, 1991. 

Dermal Exposure Assessment: Principles and Applications, U.S. EPA, January 1992. 
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6.1 DATA EVALUATION 

Data evaluation is the process whereby analytical information is interpreted with the goal of selecting 

chemicals which pose significant risks to receptors. Available analytical information is reviewed in 

association with the geological information to determine the chemicals and associated concentrations that 

receptors may realistically encounter. 

6.1.1 9 Chemicals of Concern 

The selection of potential chemicals of concern begins with identification of all positively detected 

groundwater chemicals. All organic chemicals detected are assumed to be anthropogenic in origin, and 

consequently, are retained as potential chemicals of concern. 

_- 

Metals are screened by a comparison of detected concentrations to background concentrations and to 

U.S. EPA Region III screening concentrations. Background was established for Area C using data from 

background wells BG-2, BG-6, HN-26s and HN-261, and HN-OI I and HN-01 D. 95% Upper confidence limits 

(UCLs) on the arithmetic or geometric means of metals results which exceeded screening concentrations 

are retained as chemicals of potential concern. Other metals with low toxicity (aluminum) and those known 

to’be essential nutrients (calcium, iron, magnesium, potassium, and sodium) were excluded from the list of 

potential chemicals of concern. Table 6-l presents a summary of the detected chemical UCLs, background 

screening levels, and final screening values for detected groundwater chemicals. 

6.1.2 Representative Concentrations 

Chemical-specific representative concentrations are used in the quantitative risk assessment to determine 

the chemical concentration that a receptor may contact during the exposure scenarios. The representative 

concentration can also be used as a conservative estimate of the overall amount of a contaminant that may 

be present in an environmental medium. The concentrations may be either taken directly from the analytical 

data (i.e., a maximum concentration) or may be obtained from a statistical analysis of a set of data. 
,_- 

An example of a statistically determined representative concentration is an upper confidence limit (UCL) of 

the mean of a data set. The numerical value is determined differently for normal or log-normal data 

distributions, and can provide a reasonable estimate of the chemical contact concentration. Data distribution 

characteristics are determined by use of the Shapiro-Wilk W-Test for goodness of fii. A sample calculation 

for distribution analysis is provided in Appendix F. Distribution evaluation is discussed further in 

Section 6.1.3. 
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TABLE 6-l 

POSITIVELY DETECTED BACKGROUND CHEMICALS - GROUNDWATER 
DATA DISTRIBUTION AND 95% UCL CONCENTRATIONS 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 
95% UCL U.S. EPA Region III 

Data Distribution Concentration 

Acetone 
WL) 

ND NC 370 

Toluene (1) NC 75 75 

Tetrachloroethene ND NC 1.1 1.1 
r 3 

Diethylphthalate ND NC 2900 2900 

Di-n-butylphthalate ND NC 370 -4 370 

NA Not available. 
ND 
NC 

Chemical not detected in background samples (BG-2, BG-6, HNOl-I, HNOl-D, HN26-S, HN26-I). 
UCL concentration not calculated, all organic chemicals assumed to be anthropogenic in origin. 

(II Results of W-Test inconclusive. Distribution determined to provide more conservative (lesser) 

RI 
background concentration. 
UCL exceeds maximum reported background concentration. Reported value is maximum 

(3) 
background concentration. 
Values obtained from U.S. EPA Region III technical guidance manual “Selecting Exposure Routes 

141 
and Chemicals of Concern by Risk-Based Screening,” tap water exposure. 

1st 
Value for hexavalent chromium presented for conservatism. 
From Phase II RI Report (Halliburton NUS, 1992). 
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For the Area C and Site 4 downgradient risk assessments, 95% UCLs for the chemicals detected at all 

monitoring wells were used as representative concentrations. If the calculated UCL exceeds the maximum 

detected concentration for a particular analyte, the maximum concentration is used as the representative 

concentration. . 

.-- 

,- 

For normally distributed data, the calculation of the representative concentration is a two-step process. First, 

the standard deviation of the sample set must be determined, as follows: 

where: S = Standard deviation 

xi = Individual sample value 

n = Number of samples 

X = Mean sample value 

The one-sided upper 95 percent confidence limit (UCL) is then calculated as follows: 

UCf = X + t [S/n”2] 

where: X = Arithmetic average value 

t = One-sided t distribution factor (t,,e5) 

S = Standard deviation 

n = Number of samples 

UCL = Representative concentration 

.,- 

- 
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For log-normally distributed data, the representative concentration is calculated using the following equation: 

UCL = exp [X+0.5S2 + [.--.-&I 1 

where: 

9 

UCL = Representative concentration 

exp = Constant (base of the natural log, e) 

X = Mean of transformed data 

S = Standard deviation of transformed data 

H = H-statistic (e.g., the table published in Gilbert, 1987) 

n = Number of samples 

This equation uses individual sample results that are transformed by taking their natural logarithm. 

For nondetected results, one-half of the reported quantitation limit was used as the sample result. For small 

sample sets 0; sample sets with all positive results less than one-half the detection limit, the UCL can exceed 

the maximum detected concentration. In these cases, the maximum concentration was selected as the 

representative concentration. Sample calculations are provided in Appendix D. 

When duplicate samples are evaluated, the results are averaged and counted as one sample. One-half the 

detection limit is used for nondetects. However, there are instances where one-half the detection limit 

exceeds the other sample’s positive detection (e.g., with base/neutral or acid extractable compounds), in 

which case the positive detection is considered as the sample result. 

6.1.3 Data Distribution Evaluation 

Chemical-specific data evaluation for each of the site media were performed using the Shapiro and Wilk 

“W-Test” for goodness of fit to determine whether a given data set is normally or log-normally distributed 

(Gilbert, 1987). The test accepts or rejects a null hypothesis about a given population (i.e., that a population 

is or is not normally or log-normally distributed). 

Despite the utility of the W-Test in evaluating distribution characteristics, the test is often times inconclusive 

(especially when evaluating small populations). To provide as conservative an assessment as possible, 
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inconclusive W-Test results are interpreted to provide the lowest UCL value (for background) or highest UCL 

value (for Area C and Site 4 downgradient). 

Summaries of the exposure point concentrations used in the exposure assessment for Area C and Site 4 

downgradient monitoring well data are presented in Tables 6-2 and 6-3, respectively. 

-_ 

6.2 EXPOSURE ASSESSMENT 

The purpose of this section is to evaluate the potential for human exposure to the hazardous chemicals in 

the environmental media at the site. This section characterizes the exposed populations, identifies actual 

or potential exposure routes, and provides exposure estimates. The nature and extent of contamination 

upon which the exposures are based is presented in Section 4.0. 

To determine whether there is an actual or potential exposure at the site, the most likely pathways of 

contaminant release and transport as well as the human and environmental activity patterns at the site must 

be considered. A complete exposure pathway has three components: (1) a source of chemicals that can 

be released to the environment; (2) a route of contaminant transport through an environmental medium; and 

(3) an exposure or contact point for a human or environmental receptor. 

6.2.1 Receptors 

There are currently no plans to develop the site for residential use, but because there are no land 

development restrictions in place, a current and future residential land use scenario will be considered in 

this risk assessment. This future land use scenario includes the installation of domestic wells and associated 

exposures, and does not include other potential residential-type exposures such as ingestion of soil by small 

children. Human receptors that may be exposed to groundwater from Area C include both adult and child 

residents. The exposure assessment will include an evaluation for both receptors. 

6.2.2 Exposure Routes 

There is only one environmental medium at the site for which risk assessment will be performed for this RI. 

The groundwater at Area C, although not currently used, is of sufficient Quality to be considered a possible 

source of potable water for residential use. Possible exposure routes associated with household water use 

include ingestion of and dermal contact with water, and inhalation of volatile chemicals emitted during 

showering or bathing. Ingestion of water from the tap is considered a complete exposure pathway for both 

adult and child receptors. Adults tend to shower more than bathe, unlike small children. For a small child 

,.- 

I -  

,- 

;- 
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TABLE 6-2 

CHEMICAL OF CONCERN IDENTIFICATION 
AREA C GROUNDWATER 

NAWC WARMINSTER, PENNSYLVANIA 

Screening Retained as 
Concentration Chemical of 

(LLCIIL) Concern? 
Chemical 

Acetone 

Toluene 

Tetrachloroethene 

Diethylphthalate 

95% UCL 
Data Distribution Concentration 

Ol!il/L) 

Log-normal 38 

Normal”’ 0.7 

Normalnt 5 

Normal”’ 5 

370 No 

75 No 

Yes 1.1 

2900 

370 

No 

No 

No 

Yes 

Yes 

Di-n-butylphthalate 1 Normal”’ 1 4 

Endosulfan II I Normal”) 1 0.08 22 

Antimony CTotal) I Normal”’ I I9 I 1.5 

Antimony (Dissolved) 

Arsenic 

Log-normal 

Normal(‘) 

35.0 1.5 

4.1 1.1 Yes 

Barium I Log-normaP 1 329 I 266 Yes 

0.016 Yes Beryllium Normal”’ 0.66 

Cadmium Normal”’ 2.4 

Chromium Normal(‘) 6.6 

Cobalt Normal(‘) 3.7 

Copper Normal”’ 15.7 

Lead Log-normal(‘) 3.2 

1.8 Yes 

Yes 

Yes 

Yes 

No 

Yes 
L 

No 

5.5 

3.3 

10 

13.6 

Manganese I Log-normal I 1600 I 18 

Mercury I Normal”) I 0.097 1 0.17 

Yes Thallium Normal”’ 2.2 2 . 

Vanadium Normal”’ 5.6 3.7 

Zinc Log-normal 225(U 33.2 

Yes 

Yes 

(1) 

(2) 

Results of W-Test inconclusive. Distribution determined to provide more conservative 
(greater) representative concentration. 
Calculated 95% UCL concentration exceeds maximum concentration detected. 
Representative concentration used is equal to maximum concentration detected for this 
chemical. 
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TABLE 6-3 

CHEMICAL OF CONCERN IDENTIFICATION 
SITE 4 - DOWNGRADIENT WELLS 

NAWC WARMINSTER, PENNSYLVANIA 

95% UCL Screening Retained as. 
Chemical Data Distribution Concentration Concentration Chemical of 

olg/L) OlglL) Concern? 

Acetone Log-normal 70 370 No 

Toluene NormalI’) 0.9 75 No 

Antimony (Total) Normal”) 20.9 1.5 Yes 

Antimony (Dissolved) Log-normal”) 37.8 1.5 Yes 

Arsenic Log-normal 4.1 1.1 Yes 

Barium Log-normal(‘) 458 260 Yes 

Cadmium Log-normaP 2.5 I .a Yes 

Chromium NormaIn’ 7.0 5.5 Yes 

Copper Log-normal(‘) 28.7 10 Yes 

Lead Log-normal(‘) 3.2 13.6 No 

Manganese Log-normal”) 1 ,840’2’ 18 Yes 

Mercury Log-normal”’ 0.11 0.17 No 

Thallium Normal(‘) 2.4 2 Yes 

Vanadium Log-normal(‘) 10.9 3.7 Yes 

Zinc Log-normal(‘) 225(*) i 33.2 Yes 

_- 

._- 

(1) 

(2) 

Results of W-Test inconclusive. Distribution determined to provide more conservative 
(greater) .representative concentration. 
Calculated 95% UCL concentration exceeds maximum concentration detected. 
Representative concentration used is equal to maximum concentration detected for this 
chemical. 
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less than 6 years old, the immersion in bath water provides significant dermal exposure. However, the 

quiescent water surface reduces contaminant transfer to the vapor phase and, along with an open bathroom 

allowing a high air exchange rate, reduces the significance of the inhalation exposure route. 

lua 

During showers, adults are exposed to volatiles emitted from the spray and increased temperatures provide 

higher vapor saturation concentrations. Under these circumstances, inhalation exposures are signbficant not 

only in the shower, but the entire time that the receptor occupies the shower room. 

- 
Dermal contact exposures in the shower are lessened somewhat by short residence time of water on skin, 

the use of soaps and surfactants, and dissolved-phase chemical depletion from volatilization. Consequently, 

the dermal exposure pathway in the shower is considered incomplete. 

6.2.3 Exposure Estimates 

The estimation methods and models used in this section are consistent with current EPA risk assessment 

guidance (U.S. EPA, December 1989 and March 25, 1991). Exposure estimates associated wiih each 

exposure route are presented below. All exposure scenarios incorporate the representative contaminant 

concentrations in the estimation of intakes. Therefore, only one exposure scenario was developed for each 

exposure route/receptor combination. 

Noncarcinogenic risks are estimated using the concept of an average annual exposure. The intake 

incorporates terms describing the exposure time and/or frequency that represent the number of hours per 

day and the number of days per year that exposure occurs. This is used with a term known as the 

averaging time, which converts the daily exposure frequency and duration to an annual exposure by dividing 

by 365 days per year of exposure. Noncarcinogenic risks for some exposure routes (e.g., soil contact) are 

generally greater for children than for adults because of their much lower body weights and similar or higher 

ingestion rates. 

Carcinogenic risks, on the other hand, are calculated as an incremental lifetime risk, and 1:herefore 

incorporate terms to represent the exposure duration (years) over the course of a lifetime (70 years, or 

25,550 days). Carcinogenic risks may not be calculated for children because they are generally lower than 

those calculated for adults because of their shorter exposure duration at a lower body weight. 

Three exposure routes for potential residential receptors are examined for exposure to contaminated 

groundwater at Area C. These exposure routes include ingestion of and dermal contact with water for adult 
I 

residents, and inhalation of volatile chemicals emitted during showering for adult residents. Children are 
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assumed not to take showers, therefore they are not considered for the volatile exposure scenario. The 

methods used to assess exposure dose estimates associated with these routes of exposure are discussed 

in the following text. 

Ingestional exposures are characterized using the following expression(U.S. EPA, December 1989): 

Dose = 
C we,er x IngR x EF x ED 

BW x AT 

Where: Dose = Dose estimate (mg/Kgday) 
“- 

c = 
water 

Groundwater exposure concentration (mg/L) 

IngR = Ingestion rate (L/day) 

EF = Exposure frequency (days/year) ,-- 

ED = Exposure duration (years) 

BW = Body weight (kg) - 

AT = Averaging time (period of time over which exposure is averaged - days) 

Under the residential use scenario, the following input parameters are used to estimate intakes. Adult 

residents are assumed to ingest 2 liters of water per day, 350 days per year, over a 30-year exposure 

duration (U.S. EPA, December 1989 and March 25, 1991). Child residents are assumed to ingest 1 liter of 

water per day, 350 days per year, for 6 years. Body weights are specified as 70 Kg for adults and 15 Kg 

for children. A summary of input parameters is provided in Table 6-4. 

Dermal exposures for residents during bathing (children) is estimated as follows (EPA, December 1989): “- 

Dose = 
C ,,,al,,r x PC x SA x ET x EF x ED x CF r- 

BW x AT 

Where: Dose = Absorbed chemical dose (mg/Kgday) 

C = 
weter 

Groundwater exposure concentration (mg/L) 

PC = Dermal permeability constant of chemical (cm/hour) 

SA = Skin surface area available for contact (cm2) 

ET = Exposure time (hours/day) 

EF = Exposure frequency (days/year) 

ED = Exposure duration (years) 

BW = Body weight (kg) 
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TABLE 6-4 

SUMMARY OF EXPOSURE ASSESSMENT INPUT PARAMETERS 
RESIDENTIAL GROUNDWATER EXPOSURES 

AREA C 
NAWC WARMINSTER, PENNSYLVANIA 

Parameter Value Rationale/Source 

Chemical concentration in 
groundwater (C,,,,,) 

Chemical-specific representative 
concentration (mg/L) 

Groundwater ingestion rate 
(IngR) 

Air inhalation rate (InhR) 

2 L/day (adult) 
1 L/day (child) 

20 m3/day 

Dermal permeability constant 
(PC) 

Chemical specific value (cm/hr) 

Skin surface area available for 
contact (SA) 

7,280 cm2 (child) 

Volatile chemical generation rate 
6) 

Chemical specific rate 
&g/m3-min) 

Inhalation exposure time 
constant (K) 

41.6 min 

Exposure time (ET) 0.25 hr 

Exposure frequency (EF) 350 days/yr 

Exposure duration (ED) 30 yr (adult) 
6 yr (child) 

Body weight (BW) 70 Kg (adult) 
15 Kg (child) 

Averaging time (AT) ED x 365 days/yr (noncarcinogens) 
70 yr x 365 days/yr (carcinogens) 

Bathroom air exchange rate (R,) 0.0083 min.’ 

Time spent in shower/bath (D,) 

Time spent in bathroom (Dr) 

15 min 

20 min 

U.S. EPA, December 1989 

U.S. EPA, December 1989 
and March 25, 1991 

Outdoor air respiration 
rate/ U.S. EPA, March 25, 
1991 

U.S. EPA, January 1!392 

U.S. EPA, May 1989 and 
December 1989 

Foster and Chrostowski, 
1987 

Calculated value 

Estimate of time spelnt in 
shower 

U.S. EPA, December 1989 
and March 25, 1991 

U.S. EPA, December 1989 
and March 25, 1991 

U.S. EPA, December 1989 
and March 25, 1991 

U.S. EPA, December 1989 
and March 25, 1991 

Foster and Chrostowski, 
1987 

Estimated value 

Estimated value 
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AT = Averaging time (period of time over which exposure is averaged - days) 

CF = Conversion Factor (L/lo3 cm3) 

Although it is recognized that receptors do not bathe completely under water, the dermal assessment 

conservatively quantifies exposure as though it is via immersion. Quantitation is based on the assumption 

that groundwater contaminants are present in dilute solution and that percutaneous absorption is primarily 

controlled by the flux of water. The permeability constant of water is assumed to be 0.0008 cm/hour 

(U.S. EPA, April 1988). Chemical-specific permeability constant values are used as available (U.S. EPA, 

January 1992). Skin surface area available for contact is specified as 7,280 cm2 for small children (U.S. EPA, 

December 1989), assuming whole body contact. The exposure time is set at 0.25 hours/day, and the 

exposure frequency is set at 350 days/year. Exposure duration is set at 30 years for adults and 6 years for 

children. Table 6-4 provides a summary of the input parameters used for the dermal exposure to 

groundwater scenario. 

Inhalational exposures during showering were estimated using a mass transfer model developed. for this 

exposure route, in combination with an intake estimation model. The mass transfer model accounts for 

inhalation that occurs during a shower, as well as after the shower while the receptor remains in the 

bathroom. The method employed is as follows (U.S. EPA, December 1989; Foster and Chrostowski, 1987): 

and 

Where: Dose 

S 

InhR 

EF 

ED 

BW 

AT Re 
K 

Ds 
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Dose = 
S x K x lnhR x EF x ED x CF 

BW x AT x R, 

K = D, + exp 
-I?. x DI _ expwJ, - 4) 

4 47 

Inhalation exposure dose (mg/Kgday) 

Volatile Chemical Generation Rate (Lcg/m3-min) 

Inhalation Rate (L/min) 

Exposure Frequency (year-‘) 

Exposure Duration (years) 

Body Weight (Kg) 

Averaging Time (period of time over which exposure is averaged - days) 

Air exchange Rate (min.‘) 

Constant (min) 

Shower Duration (min) 

- 

..- 

-, 

-._ 

/.- 

I. 

.- 

-- 

-- 



D, = Total Time in Bathroom (min) 

CF = Conversion Factor (1 Us mg-m3/pg-L) 

The volatile chemical generation rate was estimated using the Foster and Chrostowski mass transfer model, 

which is based on a two-phase film theory. The model employs contamintint-specific mass transfer 

coefficients, Henry’s Law constants, droplet drop time, viscosity, temperature, etc. Specific details regarding 

the application of the mass transfer model are included in Appendix F. 
s. 

It is assumed that small children do not take showers, and are therefore not exposed in this manner. 

The inhalation rate was specified as 14 L/min for a 70-kg adult. The exposure frequency was specified as 

0.96 year.’ (i.e., one shower per day for 350 days per year), and the exposure duration was specified as 

30 years over a 70-year lifetime. The air exchange rate was specified as 0.0083 min.‘, the shower duration 

as 15 minutes, and the total time in the bathroom as 20 minutes. 

Table 6-4 presents a summary of the input parameters for the groundwater exposure routes described 

above. Tables 6-5 and 6-6 summarize estimated ingestion, dermal contact, and inhalation doses for Area C 

and Site 4 downgradient wells, respectively. Doses are calculated for exposure of total contaminant 

concentrations for unfiltered samples. 

6.3 TOXICITY ASSESSMENT 

The purpose of this section is to identify the potential health hazards associated with exposure to each of 

the chemicals of concern. A toxicological evaluation characterizes the inherent toxicity of a compound. The 

literature indicates that the chemicals of concern cause carcinogenic and/or noncarcinogenic hea!th,effects 

in humans. In addition, many of the chemicals have adverse effects on environmental receptors. Although 

the chemicals of concern may cause adverse health effects, dose-response relationships and the potential 

for exposure must be evaluated before the risks to receptors can be determined. Dose-response 

relationships correlate the magnitude of the intake with the probability of toxic effects, as discussed below. 

6.3.1 Health Effects 

An important component of the risk assessment process is the relationship between the intake of a chemical 

(the amount of a chemical that is absorbed by a receptor) and the potential for adverse health effects 

resulting from that intake. Dose-response relationships provide a means by which potential public health 
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TABLE 65 

Y 1 ESTIMATED EXPOSURE DOSES 
RESIDENTIAL GROUNDWATER EXPOSURES 

AREA C 
NAWC WARMINSTER, PENNSYLVANIA 

Chemical 
Incidental Ingestion 

dult Receptor (mg/Kg-da 9 Child Receptor (mg/Kg-day) 

Dermal Contact Inhalation of Volatiles Incidental Ingestion Dermal Contact Inhalation of Volatiles 

Non-Cart. 1 Cart. 1 :iI:t Carc.t 1 Non-Cart. 1 Cart. ( Non-Cart. I Cart. 

Tetrachloroethene 
(current) 

(min, 1 6.9E-6 1 2.9E-6 

NA I NA b-=4 8.5E-4 3.6E-4 

Tetrachloroethene 
(future) 

1 1.4E-4 1 5.9D5 2.2E-5 I 5.1E-5 I 3.2E-4 NA NA 
I I 

Antimony 5.2E-4 2.2E-4 

Arsenic 1 l.lE-4 1 4.8E-5 

NA I NA Barium 

Beryllium 

9.OE-3 3.9E-3 

1.8E-5 7.8E-6 NA 1 NA 

Cadmium 1 6.6~~5 1 2.8B-5 NA 1 NA 

NA I NA Chromium 

Cobalt 

1.8E-4 7.8E-5 

1 .OE-4 4.3E-5 

1 4.3E-4 1 1.8E-4 

NA I NA Manganese 

Thallium 

4.4E-2 1.9E-2 

6.OE-5 2.6E-5 

Vanadium 1 1.5E-4 1 6.6E-5 

Zinc 1 6.2E-3 1 2.6E-3 NA I NA 

NA Dose estimate not available, metals assumed to be nonvolatile. 
1 Noncarcinogenic dose estimate. 
2 Carcinogenic dose estimate. 



E f 1 t % I m t I t 

TABLE 6-6 

I 
ESTIMATED EXPOSURE DOSES 

r 

RESIDENTIAL GROUNDWATER EXPOSURES 
SITE 4 DOWNGRADIENT WELLS 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Qwer 

Manganese 

Thallium 

Vanadium 

Zinc 

Adult Receptor (mg/Kg-day) Child Receptor (mg/Kgday) 

Incidental Ingestion Dermal Contact Inhalation of Volatiles Incidental Ingestion Dermal Contact Inhalation of Volatiles 

No&arc.’ Cart.* Non-Cart. Cart. Non-Cart. Cart. Non-Cart.’ Carc.2 No&arc. Cart. Non-Cart. Cart. 

5.7E-4 2.5E-4 NA NA NA NA 1.3E-3 1 e2E-4 2.4E-6 2.1 E-7 NA NA 

l.lE-4 4.8E-5 NA NA NA NA 2.6E-4 2.3E-5 4.8E-7 4.1 E-8 NA NA 

1.3E-2 5.4E-3 NA NA NA NA 2.9E-2 2.5E-3 5.3E-5 4.6E-6 NA NA 

6.9D5 2.9E-5 NA NA NA NA 1.6E-4 1.4E-5 2.9E-7 2.5E-8 NA NA 

1.9E-4 8.2E-5 NA NA NA NA 4.5E-4 3.8E-5 8.1 E-7 7.OE-8 NA NA 

7.9E-4 3.4G4 NA NA NA NA 1.8E-3 1.6E-4 3.4E-6 2.9E-7 NA NA 

5.OE-2 2.2E-2 NA NA NA NA 1.2E-1 1 .OE-2 2.1 E-4 1.8E-5 NA NA 

6.6E-5 2.8E-5 NA NA NA NA 1.5E-4 1.3E-5 2.8E-7 2.4E-8 NA NA 

3.0E-4 1.3E-4 NA NA NA NA 7.OE-4 6.OE-5 1.3E-6 l.lE-7 NA NA 

6.2E-3 2.6E-3 NA NA NA NA 1.4E-2 1.2E3 2.6E-5 2.2E-6 NA NA 

NA Dose estimate not available, metals assumed to be nonvolatile. 
1 .I_- ____ ?-_ luurlcarl;uwgWiiC dCx3e &ii7h3. 2 Carcinogenic dose estimate. 



impacts may be quantified. The published information of doses and responses is used in conjunction with 

information on the nature and magnitude of human exposure to develop an estimate of potential health risks. .- 

Standard Reference Doses (RfDs) and/or Cancer Slope Factors (CSFs) have been developed by the EPA 

for many organics and inorganics. This section provides a brief description of these parameters. 

,- 

6.3.1.1 Reference Doses (RfDs) 

The RID is developed by the EPA for chronic and/or subchronic human exposure to hazardous chemicals 

and is solely based on the noncarcinogenic health effects imparted by a chemical. The RfD is usually 

expressed as a dose (mg) per unit body weight (Kg) per unit time (day). It is generally derived by dividing 

a no-observed-(adverse)-effect-level (NOEL or NOAEL) or a lowest-observed-adverse-effect-level (LOAEL) 

by an appropriate uncertainty factor. NOAELs, etc., are determined from laboratory or epidemiological 

toxicity studies. The uncertainty factor is based on the availability of toxicity data. 

Uncertainty factors are generally applied as multiples of 10 to represent specific areas of uncertainty in the 

toxicity data. A factor of 10 is used to account for variations in population sensitivity, when extrapolating 

test results from animals to humans (interspecies variability), when a NOAEL derived from a subchronic 

study (instead of a chronic study) is used to develop the RfD, and when a LOAEL is used instead of a 

NOAEL. In addition, the EPA reserves the use of a modifying factor of up to 10 for professional judgment 

of additional uncertainties. The default value of the modifying factor is 1. 

-- 

- 

The RfD incorporates the surety of the evidence for chronic human health effects. Even if applicable human 

data exist, the RfD (as diminished by the uncertainty factor) still maintains a margin of safety so that chronic 

human health effects are not underestimated. Thus the RfD is an acceptable guideline for evaluation of 

noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk quantitation. 

.- 

.- 

6.3.1.2 Cancer Slope Factor (CSF) 

CSFs are applicable for estimating the lifetime probability (assuming a 70-year lifetime) of human receptors 

developing cancer as a result of exposure to known or potential carcinogens. This factor is generally 

reported by the EPA in units of (mg/Kg/day)” and is derived through an assumed low-dosage linear 

relationship and an extrapolation from high to low dose responses determined from animal studies. The 

value used in reporting the CSF is the upper 95 percent confidence limit. 

- 
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6.3.1.3 Weight of Evidence 

The weight of evidence designations indicate the likelihood that a chemical is a human carcinogen, based 

0-A on both animal and human studies. The classification is as follows: 

. A Known human carcinogen 

l B Potential human carcinogen. Bl indicates that limited human data are available. 82 

indicates that there is sufficient evidence of carcinogenicity in animals, but inadequate or 

no evidence in humans. 

. c Possible human carcinogen 

l D Not classifiable as to human carcinogenicity 

a E Evidence of noncarcinogenicity in humans 

6.3.1.4 Dermal Absorption Adjustment 

Although exposure route-specific reference doses and cancer slope factors are available for (oral and 

inhalation exposure routes, the difficulty associated with performing an epidemiological study for dermal 

exposures prohibits accurate assessment of toxicity via dermal absorption. As a default measure, U.S. EPA 

guidance suggests using oral reference doses and cancer slope factors which have been modified to 

account for the gastrointestinal absorption. 

Readily absorbed chemicals (i.e., volatile organics, etc.) can be assumed to be absorbed 100% through the 

GI tract, whereas most metals are absorbed poorly in the digestive tract. Therefore, for anima!l studies 

performed by gavage, volatile chemicals are almost entirely absorbed, while metals are only minimally 

retained. The administered dosage is approximate equal to the absorbed dose for the volatile chemical, but 

the absorbed dose is vastly different from the administered dosage in the case of the metal. Since dermal 

risk assessment methodology accounts for the transdermal transport of chemicals into the bloodstream, 

absorbed dose values must be used. 
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The use of adjusted oral data permits assessment of the effects associated with the absorbed amount of 

chemical which has actually entered the bloodstream. The chemical-specific modification for reference 

doses and cancer slope factors is performed as follows: 

I... 

RfDL7,d /?fDbma, = - 
=%I -. I 

csF&~d = csFord x ABSGi 

Table 6-7 provides a summary of the dermal dose-response data for the detected groundwater chemicals 

at Area C. 
_- 

6.3.2 Applicable or Relevant and Appropriate Rwulation (ARARs) ,. 

This section presents the available regulatory standards or guidelines for all of the groundwater chemicals 

of concern at Area C. Currently, the enforceable regulatory standards for exposures to groundwater include 

Federal Maximum Contaminant Levels (MCLs) and Commonwealth of Pennsylvania groundwater quality 

standards. Some chemicals do not have regulatory limits promulgated, so other numerical comparison must 

be made. These to be considered (TBC) values are nonenforceable criteria and. may be used for 

comparative purposes to infer health risks and environmental impacts. Relevant TBC guidelines include 

Maximum Contaminant Level Goals (MCLGs) and Health Advisories. 

6.3.2.1 Maximum Contaminant Levels (MCLs) 

MCLs are enforceable standards promulgated under the Safe Drinking Water Act and are designed for the 

protection of human health. MCLs are based on laboratory or epidemiologic studies and apply to drinking 

water supplies consumed by a minimum of 25 persons. They are designed for prevention of human health 

effects associated with lifetime exposure (70 years) of an average adult (weighing 70 Kg) who consumes 

2 liters of water per day, but they also reflect the technical feasibility of removing the contaminant from the 

water. These enforceable standards also reflect the fraction of toxicant expected to be absorbed by the 

gastrointestinal tract. 

6.3.2.2 Commonweatth of Pennsylvania Safe Drinking Water Regulations 

The Commonwealth of Pennsylvania, under the Pennsylvania Code, Title 25, Chapter 109, and amended 

December 25, 1993, has promulgated safe drinking water standards for municipal water systems. Although 

.- 

- 

.- 

W  ̂

-. 

- 

-_ 

-- 

- 
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TABLE 6-7 

I SUMMARY OF DOSE-RESPONSE PARAMETERS 
CHEMICALS OF CONCERN - AREA C GROUNDWATER 

NAWC WARMINSTER, PENNSYLVANIA 

Y 

Oral Exposure Route inhalation Exposure Route GI Dermal Exposure Route U.S. EPA 
Chemical Reference Cancer Slope Reference Absorption 

Cancer ‘lope Fraction(3) Reference Cancer Slope Weight of 

Dose”’ Factor(*) Dose Factor Dose Factor Evidence 

Acetone 1 x10.1 NA NA NA 1 .oo 1 x10” NA D 

Toluene 2x lo.' NA 1 x IO.’ NA 1 .oo 2 x IO" NA D 

Tetrachloroethene 1 x 10’2 5.2 x 10-2 NA 2.0 x 10.3 1 .oo 1 x 10.2 5.2 x 10-2 NA 

Diethyiphthalate 8 x IO" NA NA NA 0.50 1.6 x 10’ NA D 

Di-n-butylphthalate 1 x IO” NA NA NA 0.90 1.1 x 10” NA D 

Endosulfan II 5x IO-5 NA NA NA 0.50 1 x10-4 NA NA 

Antimony 4x IO" NA NA NA 0.05 8~10.~ NA D 

Arsenic 3xw’ 1.8 x IO0 NA 1.5 x 10’ 0.95 3.2 x lo‘4 1.7 x 10s A 

Barium 7x10-2 NA 1 x 10.4 NA 0.04 1.8 x 10’ NA D 

Beryllium 5 x 1o'3 4.3 x IO0 NA 8.4 x 10’ 0.02 2.5 x lo.' 8.6 x 1om2 B2 

Cadmium 5x 10’4 NA NA 6.3 x 10’ 0.02 2.5 x 10.2 NA Bl 

Chromium 5 xl u3(hex) NA NA 4.2 x 10’ 0.02 2.5 x 10” NA A (hex) 

Cobalt 8~10.~ NA NA NA 0.60 1.3 x lo.2 NA NA 
I 



$ TABLE 6-7 (Continued) 

E 
SUMMARY OF DOSE-RESPONSE PARAMETERS 
CHEMICALS OF CONCERN - AREA C GdOUNDWATER I 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

Oral Exposure Route 

Reference Cancer Slope 
Dose”’ Factorr21 

Inhalation Exposure Route Gl 

Reference Absorption 
Cancer ‘lope Fraction(s) 

Dose Factor 

Dermal Exposure Route U.S. EPA 

Reference Weight of 

Dose 
Cancer Slope Evidence 

Factor 

Copper 4 x 10.2 NA NA NA 0.50 8 x 10m2 NA D 

Manganese 1.4 x IO" NA 1 x IO.5 NA 0.03 4.7 x 100 NA D 

Mercury 3 x IO.4 NA 9 x IO.5 NA 0.07 4.3 x 10'3 NA D 

Thallium 8 x 1O.5 NA NA NA 0.05 1.6 x 1o’3 NA D 

Vanadium 7x10.3 NA NA NA 0.01 7x10.’ NA D 

Zinc 3 x 10” NA NA NA 0.25 1.2 x 100 NA D 

NA Data not available for this chemical and/or exposure route. 

I’) 
(2) 

Reference doses presented in units of mg/Kg-day. 

(3) 
Cancer slope factors presented in units of Kg-day/mg. 
Data obtained from chemical toxicological profiles, U.S. Department of Health and Human Services, Agency for Toxic Substances and 
Disease Registry. 
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these regulations do not apply to groundwater not currently used for drinking purposes on the E3ase, it is 

appropriate to compare detected concentrations of regulated chemicals to these standards as the 

groundwater is used by off-Base residents. Essentially the Pennsylvania standards have parity with the 

Federal primary and secondary MCLs, however, sufficient latitude has been incorporated into the law to 

allow the Commonwealth to adopt standards for individual chemicals which are numerically lower than 

respective Federal standards. 

6.3.2.3 Maximum Contaminant Level Goals (MCLGs) 

MCLGs are generally specified as zero for carcinogenic chemicals, based on the assumption of nonthreshold 

toxicity, and do not consider either the technical or economic feasibility of achieving these goals.. MCLGs 

are nonenforceable guidelines based entirely on health effects. The MCLs are set as close to the MCLGs 

as is considered technically and economically feasible. 

6.3.2.4 Health Advisories 

Health Advisories are guidelines developed by the EPA Office of Drinking Water for nonregulated 

contaminants in drinking water. These guidelines are designed to consider both acute and chronic toxic 

effects in children (with an assumed body weight of 10 Kg) who consume 1 liter of water per clay, or in 

adults (with an assumed body weight of 70 Kg) who consume 2 liters of water per day. Health Advisories 

are generally available for acute (lday), subchronic (1 O-day), and chronic (longer-term or lifetime) (exposure 

scenarios. These guidelines are designed to consider only threshold effects and, as such, are not used to 

set acceptable levels of known or probable human carcinogens. 

6.3.3 Toxicity Profiles 

The toxicity profiles that follow are prepared for the chemicals identified as the primary risk drivers at the 

conclusion of the risk assessment. Although not intended to be comprehensive evaluations of the 

pharmacological behavior of the chemicals in humans, the profiles provide rationale for the determination 

of the toxicological information used in the risk assessment and also identify toxic endpoints. 

6.3.3.1 Antimony 

C 

Pharmacokinetics. Ingested antimony is absorbed slowly and incompletely from the gastrointestinal (GI) 

tract (Iffland, 1988). Within a few days of acute exposure, highest tissue concentrations are found in the 

liver, kidney, and thyroid. Organs of storage include skin, bone, and teeth. Highest concentrations in 
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deceased smelter workers (inhalation exposure) occurred in the lungs and skeleton. Excretion is largely via 

the urine or feces, although some is incorporated into the hair. 
/- 

Noncancer Toxicity. Acute intoxication from ingestion of large doses of antimony induces GI disturbances, 

dehydration, and cardiac effects in humans (Iffland 1966). Chronic effects from occupational exposure 

include irritation of the respiratory tract, pneumoconiosis, pustular eruptions of the skin called “antimony 

spots,” allergic contact dermatitis, and cardiac effects, including abnormalities of the electrocardiograph 

(ECGY and myocardial changes. Cardiac effects were also observed in rats and rabbits exposed by 

inhalation for six weeks and in animals (dogs, and possibly other species) treated by intravenous injection 

(Eiinder and Friberg, 1986). 

,- 

- 

Chronic oral exposure studies in laboratory animals include two brieffy reported lifetime drinking water 

studies in rats and mice (Kanisawa and Schroeder, 1969; Schroeder et al., 1970). The only dose tested, 

5 ppm potassium antimony tartrate, resulted in reduced longevity in both species and in reduced mean heart 

weight in the rats. The EPA verified an RfD of 0.0004 mg/kgday for chronic oral exposure to antimony from 

the LOAEL of 5 ppm potassium antimony tartrate (0.35 mg antimony/kg body weightday) in’the lifetime 

study in rats (Schroeder et al., 1970). An uncertainty factor of 1000 was applied; factors of 10 each for inter- 

and intra-species variation and to estimate an NOAEL from an LOAEL. The heart is considered a likely 

target organ for chronic oral exposure of humans. 

-. 

1- 

Carcinoqenicitv. Data were not located regarding the carcinogenicity of antimony to humans. Antimony 

fed to rats did not produce an excess of tumors (Goyer, 1991), but a high frequency of lung tumors was 

observed in rats exposed by inhalation to antimony trioxide for one year (Elinder and Friberg, 1986). 

Antimony is classified in EPA cancer weight-of-evidence Group D (not classifiable as to carcinogenicity to 

humans). 

,I- 

6.3.3.2 Arsenic 

Pharmacokinetics. Several studies confirm that soluble inorganic arsenic compounds and organic arsenic 

compounds are almost completely (~90 percent) absorbed from the GI tract in both animals and humans 

(Ishinishi et al., 1986). The absorption efficiency of insoluble inorganic arsenic compounds depends on 

particle size and stomach pH. Initial distribution of absorbed arsenic is to the liver, kidneys, and lungs, 

followed by redistribution to hair, nails, teeth, bone, and skin, which are considered tissues of accumulation. 

Arsenic has a longer half-life in the blood of rats, compared with other animals and humans, because of firm 

binding to the hemoglobin in erythrocytes. 
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Metabolism of inorganic arsenic includes reversible oxidation-reduction so that both arsenite (valence of 3) 

and arsenate (valence of 5) are present in the urine of animals treated with arsenic of either valence (lshinishi 

et al., 1986). Arsenite is subsequently oxidized and methylated by a saturable mechanism to forrn mono- 

or dimethyl-arsenate; the latter is the predominant metabolite in the urine of animals or humans. Organic 

arsenic compounds (arsenilic acid, cacodylic acid) are not readily converted to inorganic arsenic. Excretion 

of organic or inorganic arsenic is largely via the urine, but considerable species variation exists. 

Continuously exposed humans appear to excrete 60 to 70 percent of their daily intake of arsenate or arsenite 

via the urine. 

c, 

c” 
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Noncancer Toxicity. A lethal dose of arsenic trioxide in humans is 70 to 180 mg (approximately 50 to 

140 mg arsenic; lshinishi et al., 1986). Acute oral exposure of humans to high doses of arsenic produce 

liver swelling, skin lesions, disturbed heart function, and neurological effects. The only noncancer effects 

in humans clearly attributable to chronic oral exposure to arsenic are dermal hyperpigmentation and 

keratosis, as revealed by studies of several hundred Chinese exposed to naturally-occurring arsenic in well 

water (Tseng, 1977; Tseng et al., 1968; EPA, 1994). Similar effects were observed in persons exposed to 

high levels of arsenic in water in Utah and the northern part of Mexico (Cebrian et al., 1983; Southwick 

et al., 1983). Occupational (predominantly inhalation) exposure is also associated with neurological deficits, 

anemia, and cardiovascular effects (Ishinishi et al., 1986), but concomitant exposure to other chemicals 

cannot be ‘ruled out. The EPA derived an RfD of 0.3 pg/kg/day for chronic oral exposure, based on an 

NOAEL of 0.8 pg/kg/day for skin lesions from the Chinese data. The principal target organ for arsenic 

appears to be the skin. The nervous system and cardiovascular systems appear to be less significant target 

organs. Inorganic arsenic may be an essential nutrient, exerting beneficial effects on growth, health, and 

feed conversion efficiency (Underwood, 1977). 

Carcinoqenicity. Inorganic arsenic is clearly a carcinogen in humans. Inhalation exposure is associated with 

F- increased risk of lung cancer in persons employed as smelter workers, in arsenical pesticide applicators, 

F 

and in a population residing near a pesticide manufacturing plant. Oral exposure to high levels in well water 

is associated with increased risk of skin cancer (Tseng, 1977; EPA, 1994). Extensive animal testing with 

various forms of arsenic given by many routes of exposure to several species, however, has not 

demonstrated the carcinogenicity of arsenic (International Agency for Research on Cancer [IARC] 1980). 

The EPA classifies inorganic arsenic in cancer weight-of-evidence Group A (human carcinogen), and 

recommends an oral unit risk of 0.00005 pg/L in drinking water, based on the incidence of skin c:ancer in 

the Tseng (1977) study. The EPA notes that the uncertainties associated with the oral unit risk are 

considerably less than those for most carcinogens, so that the unit risk might be reduced an order of 
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magnitude. An inhalation unit risk of 0.0043 per ,ug/m3 was derived for inorganic arsenic from the incidence 

of lung cancer in occupationally exposed men. 

6.3.3.3 Manganese 

Noncancer Toxicity. Manganese is nutritionally required in humans for normal growth and health. Humans 

exposed to approximately 0.8 mg manganese/kg/day in drinking water exhibited lethargy, mental 

disturbances (l/16 committed suicide), and other neurologic effects. The elderly appeared to be more 

sensitive than children. Oral treatment of laboratory rodents induced biochemical changes in the brain, but 

rodents did not exhibit the neurological signs exhibited by humans. Occupational exposure to high 

concentrations in air induced a generally typical spectrum of neurological effects, and increased incidence 

of pneumonia (ACGIH, 1986). 

Very recently, a chronic oral RfD of 0.005 mg/kgday has been made available for manganese (EPA, 1994). 

The subchronic oral RfD presented by EPA was the same value as the chronic oral RfD. It seems prudent 

to remove the subchronic oral RfD as well, to reflect EPA’s lack of confidence in this derivation. The EPA 

presented a verified chronic inhalation RID of 0.00005 mg/m3 based on an LOAEL for respiratory symptoms 

and psychomotor disturbances in occupationally exposed humans and an uncertainty factor of 1000. The 

EPA presented the same value as a subchronic inhalation RfC. The inhalation RfC is equivalent to 

0.000014 mg/kgday, assuming humans inhale 20 m3 of air/day and weigh 70 kg. The CNS and respiratory 

tract are target organs of inhalation exposure to manganese. 

Carcinooenicity. The EPA classifies manganese in cancer weight-of-evidence Group D (not classifiable as 

to carcinogenicity to humans). Quantitative cancer risk estimates are not derived for Group D chemicals. 

6.3.3X Tetrachloroethene 

Noncancer Toxicity. Occupational (inhalation and dermal) exposure to tetrachloroethene was associated 

with neurologic effects, beginning with incoordination and progressing to dizziness, headache, vertigo, and 

unconsciousness (ACGIH, 1986). The EPA presented a veriiied chronic oral WD for tetrachloroethene of 

0.01 mg/kgday based on an NOAEL for liver toxicity in mice in a subchronic gavage study, and on an 

NOEL for depressed body weight gain in rats in a subchronic drinking water study. An uncertainty factor 

of 1000 was used. The EPA presented a provisional subchronic oral RfD of 0.1 mg/kg-day based on the 

same NOEL and an uncertainty factor of 100. The CNS is the principal target organ for inhalation exposure 

and the liver is the principal target organ for oral exposure to tetrachloroethene. 
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Carcinoqenicitv. Inhalation exposure to tetrachloroethene induced mononuclear cell leukemia in rats, and 

inhalation or oral exposure induced hepatocellular carcinomas in mice (ATSDR, 1988). Occupational 

exposure data do not suggest a carcinogenic role for tetrachloroethene in humans (ACGIH, 1986). 

P- Interpretation of the data regarding the carcinogenicity of tetrachloroethene is controversial, and the EPA 

has not adopted a final position on the cancer weight-of-evidence classification or quantitative risk estimates 

for tetrachloroethene. For this reason, the cancer evaluation of tetrachloroethene was removed from the 

1992 H EAST. 
-. 

C 

6.3.3.5 Thallium, Soluble Salts 

Noncancer Toxicity. Thallium is highly toxic; acute ingestion by humans or laboratory animals induced 

gastroenteritis, neurological dysfunction, and renal and liver damage (Kazantzis, 1986). Chronic iingestion 

of more moderate doses characteristically caused alopecia. Thallium was used medicinally to induce 

alopecia in cases of ringworm of the scalp, sometimes with disastrous results. In industrial (inhalation, oral, 

dermal) exposure, neurologic signs preceded alopecia, suggesting that the nervous system is more sensitive 

than the hair follicle. The EPA presented verified chronic oral RfD values for several thallium salts (thallium 

acetate, thallium carbonate, thallium chloride, thallium nitrate, and thallium sulfate) based on increased 

incidence of alopecia and increased serum levels of liver enzymes indicative of hepatocellular damage in 

rats treated with thallium sulfate for 90 days. An oral RfD for thallium alone, however, was not located. 

Target organs for thallium include the GI tract (acute exposure), nervous system, skin, kidney, and liver. 

Carcinoqenicity. Several thallium compounds (thallium oxide, thallium acetate, thallium carbonate, thallium 

chloride, thallium nitrate, thallium sulfate) were classified as cancer weight-of-evidence Group D suibstances 

(not classifiable as to carcinogenicity to humans). No weight-of-evidence classification was located for 

thallium alone. 

6.3.4 Summary 

Tables 6-7 and 6-8 present the available dose-response parameters and Federal ARARs and TBCs, 

respectively, for both carcinogenic and noncarcinogenic chemicals of concern. All available toxicity 

information is included in this table. If the intake of a chemical exceeds these standards or guidelines, there 

is a possibility that a receptor may experience adverse health effects. Expected intakes of each ‘chemical 

were presented in the Exposure Assessment (Section 6.2). 
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TABLE 68 

SUMMARY OF ARARs AND TBC VALUES 
CHEMICALS OF CONCERN - AREA C GROUNDWATER 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

s. 

Safe Drinking Water Pennsylvania 
Act (mg/L)r” Groundwater Health Advisory 

MCL MCLG 
Quality Standard 

b-W)‘* 
@g/V) 

Acetone NA NA NA NA 

1 day/Child: 20 
1 Oday/Child: 2 

Toluene 1 1 1 Longer-term/Child: 2 
Longer-term/Adult: 7 
Lifetime/Adult:1 

1 day/Child: 2 
Tetrachloroethene 0.005 0 0.005 1 O-day/Child: 2 

Longer-term/Child: 1 
Longer-term/Adult: 5 

Diethylphthalate NA NA NA Lifetime/Adult: 5 

Di-n-butylphthalate NA NA NA NA 

Endosulfan II NA NA NA NA 

Aluminum 0.05 - 214’ NA 0.05 - 2’4’ NA 

1 day/Child: 0.01’ 
1 O-day/Child: 0.01 

Antimony 0.006 0.006 0.006 Longer-term/Child: 0.01 
Longer-term/Adult: 0.015 
Lifetime/Adult: 0.003 

Arsenic 0.05 NA 0.05 NA 

Barium 2 2 2 Lifetime/Adult: 2 

1 day/Child: 30 
Beryllium 0.004 0.004 0.004 1 O-day/Child: 30 

Longer-term/Child: 4 
Longer-term/Adult: 20 

1 day/Child: 0.04 
1 O-day/Child: 0.04 

Cadmium 0.005 0.005 0.005 Longer-term/Child: 0.005 
Longer-term/Adult: 0.02 
Lifetime/Adult: 0.005 

1 day/Child: 1 
1 Oday/Child: 1 

Chromium (total) 0.1 0.1 0.1 Longer-term/Child: 0.2 
Longer-term/Adult: 0.8 
Lifetime/Adult: 0.1 

--^ 

- 
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TABLE 88 (Continued) 
SUMMARY OF ARARs AND TBC VALUES 
CHEMICALS OF CONCERN - AREA C GROUNDWATER 
NAWC WARMINSTER, PENNSYLVANIA 

Cobalt NA NA 

Copper l-3(3’ 1.3 

Iron 

Lead 

0.314’ NA 

o.015’3’ 0 

Thallium 0.002 0.0005 

Vanadium I NA I NA 

Zinc 

Pennsylvania 
Groundwater Health Advisory 

Quality Standard @w/LY 
b-u/L)‘*’ 

NA NA 

1.3 NA 

o.314’ NA 

0.01 513’ NA 

o.05f4’ NA 

0.002 Longer-term/Adult: 0.002 
Lifetime/Adult: 0.002 

l-day/Child: 0.007 
1 Oday/Child: 0.007 

0.002 Longer-term/Child: 0.007 
Longer-term/Adult: 0.02 
Lifetime/Adult: 0.0004 

NA NA 

1 day/Child: 6 
1 O-day/Child: 6 

514’ Longer-term/Child: 3 
Longer-term/Adult: 12 
Lifetime/Adult: 2 

NA Standard not available for this chemical. 

‘1’ Safe Drinking Water Act, 40 CFR 141-143. 
(2’ Pennsylvania Drinking Water Regulations, Pennsylvania Code, Title 25, Chapter 109, 

-December 25, 1993. 
(3’ Action Level. 
(4’ Secondary MCL value. 
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6.4 RISK CHARACTERIZATION 
,__ 

Potential human health risks resulting from the exposures outlined in the preceding section are characterized 

on a quantitative and qualitative bases in this section. Quantitative risk estimates are generated based on 

risk assessment methods outlined in current U.S. EPA guidance (U.S. EPA, December 1989), and the 

qualitative assessment consists of a comparison of measured concentrations to standards or guidelines. 

Noncarcinogenic risk estimatesare presented in the form of Hazard Quotients and Hazard Indices that are 

determined through comparison of estimated intakes with published Reference Doses. Incremental cancer 

risk estimates are provided in the form of dimensionless probabilities based on Cancer Slope Factors. 

Estimated human intakes were developed for each of the specific exposure routes discussed in the 

preceding sections. Both carcinogenic and noncarcinogenic risks are summarized for each exposure route 

on a series of tables in this section. Detailed calculations are provided in Appendix D. 

Noncarcinogenic risk is assessed using the concept of Hazard Quotients and Hazard Indices. The Hazard 

Quotient for a selected chemical of concern is the ratio of the estimated intake and the Reference Dose 

(RfD) and is calculated as follows: 
I -  

Dose 
Hazard Quotient (I-Q = - 

RfD 

A Hazard Index is generated by summing the individual Hazard Quotients for the chemicals of concern. If 

the value of the Hazard Index exceeds unity (1 .O), there is a potential noncarcinogenic health risk associated 

with exposure to that particular chemical mixture (U.S. EPA, September 24, 1986). At that time, particular 

attention should be paid to the target organs affected by each chemical. The Hazard Index is not a 

mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of the possibility 

of the occurrence of noncarcinogenic (threshold) effects. If the ratio of the intake and the RfD for any 

individual chemical exceeds unity, toxic effects would also be expected. 

Incremental cancer risk estimates are generated for each of the exposure pathways using the estimated 

intakes and published Cancer Slope Factors (CSFs), as follows: 

--. 

lncremenral Cancer Risk (/CR) 

-- 

= Dose x CSf 

-- 
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If the above equation results in a risk greater than 0.01, the following equation is used: 

The risk determined using these equations is a unitless expression of an individual’s likelihood of developing 

cancer as a result of exposure to carcinogenic chemicals. An incremental cancer risk of 1 x 10” indicates 

that the exposed receptor has a one in one million chance of developing cancer under the defined exposure 

scenario. Alternatively, such a risk may be interpreted as representing one additional case of cancer in an 

exposed population of one million persons. The calculated cancer risks should be recognized as upper-limit 

estimates. Cancer Slope Factors are the upper 95 percent confidence limit of a dose-response curve 

generally derived from animal studies. Actual human risk, while not identifiable, is not expected to exceed 

the upper limit based on the CSFs, and, in fact, may be lower. 

The U.S. EPA has generally defined risks in the range of lo4 to 1 O.* as being acceptable for most hazardous 

waste facilities addressed under CERClA. For CERCLA activities, residual risks on the order of 10.’ are the 

primary goal, but are often modified by such regulatory requirements as MCLs or chemical-specific cleanup 

goals. Cancer risks are generally not calculated for small children because of the short (i.e., 6 years) 

exposure duration, unless no other receptors are being considered for an exposure route. 

Carcinogenic and noncarcinogenic health risks are estimated using a number of different assumptions; 

therefore the values presented in this section contain an inherent amount of uncertainty. The extent to which 

health risks can be characterized is primarily dependent upon the accuracy with which the toxicity of a 

chemical can be estimated and the accuracy of the exposure scenario assumptions. The toxicologic data 

that form the basis for all risk assessments contain uncertainty in the following areas: 

-0 The extrapolation of nonthreshold (carcinogenic) effects from the high doses administered to 

laboratory animals to the low doses received under more common human exposure scenarios. 

The extrapolation of the results of laboratory animal studies to human or envirlonmental 

receptors. 

The interspecies variation in toxicological endpoints used in characterizing potential health effects 

resulting from exposure to a chemical. 

The variations in sensitivity among individuals of any particular species. 
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In addition to these sources of uncertainty, the exposure estimates presented in Section 6.3 are also based 

on a number of simplifying assumptions. The assumptions made include the following: 

0 Receptor characteristics, such as age, body weight, and exposure duration, are based on 

published values, with some attempt at making them more site-specific. 

l Land use and activity patterns in the area are limited to the observations made during the field 
%~ 

investigation and known land uses in the surrounding area. 

0 There are no antagonistic or synergistic effects between the chemicals of concern. 

The chemical analytical data base also has some limitations in such areas as sample number and location, 

and the representativeness of the laboratory results. However, every effort was made to collect samples 

that reflect actual site conditions. 

Chemical-specific Hazard Quotients and Incremental Cancer Risks for exposures to contaminated 

groundwater are presented in Tables 6-9 through 6-15. 

6.4.1 Human Health Risks 

The results of the quantitative risk assessment provide a measure of the potential for occurrence of adverse 

health effects (carcinogenic and/or noncarcinogenic) in the receptors which are evaluated. For Area C 

groundwater exposures, two receptor groups are examined: currently exposed offsite residents and residents 

which may be exposed to groundwater if the sites are developed as a residential community. The 

discussion that follows presents the conclusions for the risk assessment. 

6.4.1.1 Current Off-Base Residents 

Residential groundwater well sampling has resulted in a pool of data for groundwater which has been used 

in the quantitative risk assessment. Although only analyzed for volatile organic constituents, the conclusions 

of the risk assessment are considered to. be valid, in light of the fact that significant nonvolatile chemical 

contamination is not believed to be site related. The only chemical detected in the residential groundwater 

wells was tetrachloroethene. Risks associated with current groundwater exposure are presented in 

Table 6-9. The risk ranges represent risks associated with exposure to the maximum (31 pg/L) and 

minimum (0.3 pg/L) detected concentrations of tetrachloroethene. 
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TABLE fs-9 

RISK CHARACTERIZATION SUMMARY - PCE EXPOSURE 
CURRENT OFFSITE RESIDENTS 

NAWC WARMINSTER, PENNSYLVANIA 

Receptor 

Hazard index Incremental Cancer Risk 

incidental Dermal 
Inhalation Inhalation 

Ingestion Contact 
of Total 

Incidental Dermal 

Volatiles 
Ingestion Contact 

of 

-I 

Total 
Volatiles 

Adult Resident 

Child Resident 

Ill Risks based on maximum detected tetrachloroethene concentration of 31 m/L. 
121 Risks based on minimum detected tetrachloroethene concentration of 0.3 m/L. 
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TABLE 6-10 

SUMMARY OF CALCULATED RISKS - AREA C GROUNDWATER 
FUTURE ADULT RESIDENT 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

Tetrachloroethene 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Manganese 

Thallium 

Vanadium 

Zinc 

TOTAL: 

Incidental Ingestion 

Non-Cart.’ Cart.* 

1.4E-2 3.1E-6 

1.3EO NA 

3.7E-1 8.7E-5 

1.3E-1 NA 

3.6E-3 3.3E-5 

1.3E-1 NA 

3.6E-2 NA 

1.3E-2 NA 

l.lE-2 NA 

8.8EO NA 

7.5E-1 NA 

2.2E-2 NA 

2.1 E-2 NA 

l.l6E+l 1.2E-4 

Adult Resident 

Dermal Contact 

Non-Cart. Cart. 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

Inhalation of Volatiles 

Non-Cart. Cart. 

NA 4.4E-8 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA 4.4E-8 

NA Risk estimate not available, exposure route and/or chemical not applicable. 

1 

2 
Noncarcinogenic risk estimate (hazard quotient). 
Carcinogenic risk estimate. 

R-06-94-2 6-32 



TABLE 6-11 

SUMMARY OF CALCULATED RISKS - AREA C GROUNDWATER 
FUTURE CHILD RESIDENT 

NAWC WARMINSTER, PENNSYLVANIA 

Child Resident 

Chemical Incidental Ingestion Dermal Contact Inhalation of Volatiles 

Non-Cart.’ Cart.* Non-Cart. Cart. Non-Cart. Cart. 

Tetrachloroethene 3.2E-2 1.4E-6 2.8E-3 1.2E-7 NA NA 

Antimony 3.OEO NA 2.8E-4 NA NA NA 

Arsenic 8.7E-1 4.OE-5 1.5E:3 7.OE-8 NA NA 

Barium 3.OE-1 NA 2.2E-5 NA NA NA 

Beryllium 8.4E-3 1.6E-5 3.1 E-9 5.7E-10 NA NA 

Cadmium 3.1 E-l NA l.lE-5 NA NA NA 

Chromium 8.4E-2 NA 3.1 E-6 NA NA NA 

Cobalt 3.OE-2 NA 3.2E-5 NA NA NA 

Copper 2.5E-2 NA 2.3E-5 NA NA NA 

Manganese 2.OE + 1 NA 4.OE-5 NA NA NA 

Thallium 1.8EO NA 1.6E-4 NA NA NA 

Vanadium 5.1 E-2 NA 9.3E-7 NA NA NA 

Zinc 4.8E-2 NA 2.2E-5 NA NA NA 

TOTAL: 2.70E+ 1 5.7E-5 4.9E-3 1.9E-7 NA NA 

NA Risk estimate not available, exposure route and/or chemical not applicable. 

1 2 Noncarcinogenic risk estimate (hazard quotient). 
Carcinogenic risk estimate. 
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TABLE 6-12 

RISK CHARACTERIZATION SUMMARY - AREA C GROUNDWATER 
FUTURE RESIDENTS 

NAWC WARMINSTER, PENNSYLVANIA 

Hazard Index Incremental Cancer Risk 

Receptor 

Ingestion 
Dermal 
Contact 

Inhalation Total 
of Hazard 

Volatiles Index 
Ingestion 

Dermal 
Contact 

Future Resident 
(Adult) 

Future Resident 
(Child) 

11.6 NA NA 11.6 1.2E-4 NA 

27.0 4.9E-3 NA 27.0 5.7E-5 1.9E-7 

Inhalation Total 
of Cancer --I-/ Volatiles Risk 
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TABLE &13 

SUMMARY OF CALCULATED RISKS - SITE 4 GROUNDWATER 
FUTURE ADULT RESIDENT 

NAWC WARMINSTER, PENNSYLVANIA 

‘Adult Resident 

Chemical 

Antimony 

Incidental Ingestion Dermal Contact 

Non-Cart.’ Cart.* Non-Cart. Cart. 

1.4EO NA NA NA 

Arsenic I 3.7E-1 I 8.7E-5 I NA I NA 

Barium 

Cadmium 

1.8E-1 NA NA NA 

1.4E-1 NA NA NA 

Chromium 

Copper 

3.8E-2 NA NA NA 

2.OE-2 NA NA NA 

Manganese 

Thallium 

l.OE+l NA NA NA 

8.2E-1 NA NA NA 

Vanadium 

Zinc 

4.3E-2 NA NA NA 

2.1 E-2 NA NA NA 

TOTAL: 
I 

1.31E+ 1 
I 

8.7E-5 
I 

NA 
I 

NA 

Inhalation of Volatiles 

Non-Cart. I Cam. 

NA I NA 

NA 
I NA 

NA I NA 

NA 
I 

NA 

NA I NA 

NA 
I NA 

NA I NA 

NA 
I 

NA 

NA I NA 

NA I NA 

NA 
I 

NA 

NA- Risk estimate not available, exposure route and/or chemical not applicable. 

1 

2 
Noncarcinogenic risk estimate (hazard quotient). 
Carcinogenic risk estimate. 
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TABLE 614 

SUMMARY OF CALCULATED RISKS - SITE 4 GROUNDWATER 
FUTURE CHILD RESIDENT 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Manganese 

Thallium 

Vanadium 

Zinc 

TOTAL: 

Incidental Ingestion 

Non-Cart.’ Cart.* 

3.3E-O NA 

8.7E-1 4.OE-5 

4.2E-1 NA 

3.2E-1 NA 

9.OE-2 NA 

4.6E-2 NA 

2.4E-1 NA 

1.9E-O NA 

9.9E-2 NA 

4.8E-2 NA 

3.07E-1 4.OE-5 

Child Resident 

Dermal Contact 

Non-Cart. Cart. 

3.0E-4 NA 

1.5E-3 7.OE-8 

3.OE-5 NA 

1.2E-5 NA 

3.3E-6 NA 

4.2E-5 NA 

4.6E-5 NA 

1.8E-4 NA 

1.8E-6 NA 

2.2E-5 NA 

2.2E-3 7.OE-8 

Inhalation of Volatiles 

Non-Cart. Cart. 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA - Dose estimate not available, metals assumed to be nonvolatile. 

1 2 Noncarcinogenic risk estimate. 
Carcinogenic risk estimate. 

- 

R-E-94-2 6-36 



r 
r 
r 
r 
r 
r 

TABLE 615 

RISK CHARACTERIZATION SUMMARY - SITE 4 GROUNDWATER 
FUTURE RESIDENTS 

NAWC WARMINSTER, PENNSYLVANIA 

Receptor 

Future Resident 
(Adult) 

Future Resident 
(Child) 

Hazard index Incremental Cancer Risk 

--l---- 1 
Ingestion 

Dermal 
Inhalation 1 Total I 

Contact 
of Hazard Ingestion 

Dermal 

Volatiles Index 
Contact 

13.1 8.7E-5 NA 13.1 NA NA 

30.7 2.2E-3 NA -.7-m 4.OE-5 1 7.OE-8 
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The noncarcinogenic (systemic) risks posed by adult residential exposure to tetrachloroethene in the 

groundwater are minimal, as evidenced by a calculated hazard index of approximately 0.13. The child 

receptor experiences a hazard index of about 0.22. Since the hazard indices are less than a value of one 

for both receptors, adverse systemic health effects are not excepted. 

Carcinogenic risks for the off-Base user of residential groundwater are quantified for the adult and child 

receptors. The total incremental cancer risk due to ingestion, dermal contact, and inhalational exposures 

to groundwater ranges from 1.5 x lo” to 1.9 x 1u5. This result corresponds to one cancer incidence due 

to the groundwater use in an exposed population of about 52,600 receptors. The result exceeds the 

U.S. EPA lower risk range goal of lo”, however, it does not exceed the upper goal of lo’, which acts as 

a trigger for necessitated remedial action. Cancer risks to child receptors ranges from 7.8 x 16* to 

9.6 x 16’, the upper-bound risk corresponding to one cancer incidence per population of 100,000. 

The principal detected contaminant within Area C, tetrachloroethene, does not pose a cancer risk which 

exceeds 10’. The use of the range of detected concentrations also indicates that most cancer risks are 

lower than at the worst-case location, where tetrachloroethene levels are at the maximum value (31 pg/L). 

Although metallic constituents can contribute significant amounts to the risks, groundwater data from the 

monitoring wells located within the boundaries of NAWC Warminster indicate there to be significant 

background levels of metallic chemicals at Area C near Site 8. 

6.4.1.2 Future Residents (Area C Groundwater) 

The use of Area C data provides an estimate of future offsite risks, assuming that all contaminants transport 

at the same rates. In the evaluation of the risks for future residents near Area C, the 95% UC1 concentration 

of detected chemicals from unfiltered samples were used to assess risk. 

Noncarcinogenic effects, predicted by a hazard index which exceeds a value of one, can be expected for 

adult and child residential receptors. A Hazard Index of 13.0 is noted for the adult and 27.0 for the child. 

For both receptors, the ingestion exposure route provides almost all of the risk. 

Child receptors, due primarily to their low body weight, are the most sensitive receptor. Individual Hazard 

Indices exceeded a value of one for manganese (20.5) antimony (3.0), and thallium (1.8). Toxic effects 

which may be exhibited include dermal and cardiac effects (antimony), CNS effects (manganese and 

thallium), and renal and liver damage (thallium). 

_- 

- 

- 
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Cancer risks to children, 5.7 x 1u5, are noted to be primarily due to arsenic (4.0 x 1u5), beryllium (1.6 x 1V5), 

and tetrachloroethene (1.4 x 19’). Again, the ingestion exposure route provides a significant portion of the 

risk (>99%) when compared to dermal risks. 

I 

F- 

F”* 

- 

C 

Although it may appear that metallic contaminants are driving the risks, it should be noted that many of the 

constituents detected are naturally occurring and, at the levels detected, may be within background 

concentrations. For example, comparison of the 95% UCL concentrations in Table 6-l with the 95% UCL 

conc&trations in Tables 6-2 and 6-3, indicates representative concentrations used for arsenic and beryllium 

are lower in Area C wells than for background. A more comprehensive background groundwater quality 

study performed for the Phase II RI investigation at NAWC Warminster (Halliburton NUS, 1992) indicates a 

background manganese concentration of 2,200 pg/L, which is also higher than the Area C representative 

concentration. Thallium and antimony were detected in unfiltered samples in only one well (HN-29l), a deep- 

screened well (122 to 130 feet BGS) which is not likely to have been impacted to a greater etient than 

shallow, near downgradient wells at Site 4 which did not contain antimony or thallium. Antimony was 

detected in filtered samples from 13 wells, however, the background 95% UCL for the filtered samples 

(44.7 pg/L) exceeded the 95% UCLs for both the Area C in total and Site 4 downgradient well groupings 

(35.0 .pg/L) and 37.8 pg/L, respectively) (Tables 6-1, 6-2, and 6-3), indicating that the antimony appears to 

be naturally occurring and not site related. 

F-% 

Adult residents who are exposed to groundwater in the manner evaluated can also expect adverse systemic 

effects due to groundwater chemical exposure. Exposure to groundwater results in a Hazard Index of 11.6. 

The chemicals which contribute the greatest amount to the risks are identical to those which pose risk to 

children, however, the greater body weight of the adult receptor decreases the impact of the total body 

dose. Total metals hazard indices for arsenic and manganese exceed unity. Cumulative effects from lesser 

contributors to the risk (thallium, chromium, and arsenic) are not likely to provide antagonistic effects, as 

the chemicals have varied toxic endpoints. 

- 

Carcinogenic risks to the adult residential receptors using groundwater from Area C exceeds the CERCLA 

upper risk range goal of 10’ for receptors exposed to filtered or unfiltered groundwater. As with the child, 

arsenic and beryllium are the primary risk contributors, providing over 95 percent of the risk. The 

incremental cancer risk associated with residential use of unfiltered groundwater is approximately ‘1.2 x 1 O’, 

which corresponds to one cancer incidence per an exposed population of about 8,300 individuals,, Without 

exception, the ingestion exposure route is the primary route of cancer risk contribution. Inhalation of 

volatiles is the least significant of the exposure routes, providing risk contribution on the order of 4.4 x lo’* 
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to the total risk. As mentioned previously, strong evidence suggests a large portion of these risks can be 

attributed to background. 

Tables 6-10 and 6-l 1 present a summary of the noncarcinogenic and carcinogenic risks for the residential 

receptors exposed to Area C groundwater under the future residential exposure scenario. Table 6-12 

presents a summary of the potential future Area C groundwater risks. 

6.4.1.3 Site4 . 

The risk assessment for Site 4 groundwater was performed using the unfiltered sample data from 

downgradient monitoring wells DG-4, DG-5, DG-8, DG-15, DG-16, DG-22, DG-24, DG-28, HN-292, HN-291, 

and HN-29X. Representative concentrations were screened against background and U.S. EPA Region III 

screening values to identify potential chemicals of concern. 

The results of the assessment closely reflect conclusions obtained for the Area C groundwater, although no 

tetrachloroethene is present in Site 4 downgradient wells. Child residential receptors experience a total HI 

of 30.7, due primarily to antimony, manganese, and thallium. An incremental cancer risk of 4.0 x lo‘5 is also 

noted, but is solely attributable to arsenic. As discussed for Area C, the risks presented by arsenic, 

manganese, and antimony are believed to be attributable to background, as these respective representative 

concentrations are less than the calculated background levels. Thallium was detected in only one unfiltered 

- 

sample and is not believed to be a site-related contaminant. 

- 

Adult receptors exposed to Site 4 downgradient groundwater can also be expected to experience adverse 

systemic health effects indicated by a Hazard Index of 13.1. The risk is driven by manganese (10) and 

antimony (1.4). The cancer risk increase, 8.7 x 10m5, is attributable to arsenic only. Inhalation exposures 

were not able to be quantified as metallic constituents are assumed to be nonvolatiles. Tables 6-13 

through 6-15 summarize risks for receptors at Site 4. 

6.4.2 ARARs Comparison 

Positively detected chemicals in the groundwater from Area C, associated groundwater standards, and 

frequency of exceedence of the standards is presented in Table S-1.6. As demonstrated in the table, the 

standards for tetrachloroethene (4/l 0), aluminum (28/30), iron (18/23), manganese (21/31), and thallium 

(l/l) are exceeded for unfiltered samples. Exceedences are also noted for aluminum (l/l), antimony 

(12/12), cadmium (l/2), iron (5/13), lead (l/2), and manganese (15/28) in the filtered samples. 

- 

- 

- 
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GROUNDWATER STANDARD EXCEEDENCE SUMMARY 
AREA C GROUNDWATER 

NAWC WARMINSTER, PENNSYLVANIA 

Chemical 

Acetone 

Toluene 

Tetrachloroethene 

Diethylphthalate 

Di-n-butylphthalate 

Endosulfan II 

Aluminum ’ 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Thallium 

Vanadium 

Zinc 

Applicable Unfiltered Samples Filtered Samples 

Standard 
(w/L) 

Frequency Frequency of Frequency Frequency of 
of Detection Exceedence of Detection Exceedence 

NA 9124 o/g NA NA 

1 2/34 o/2 NA NA 

0.005 1 o/34 4/10 NA NA 

NA l/22 O/l NA NA 

NA 4122 O/4 NA NA 

NA l/Z O/l NA NA 

0.05 - 2 30134 28/30 l/34 l/l 

0.006 l/34 l/l 12/34 12/12 

0.05 17/34 o/17 4134 O/4 

2 34/34 o/34 34/34 o/34 

0.004 4/34 O/4 2/34 o/2 

0.005 8134 w 2134 l/2 

0.1 4/34 O/4 o/34 o/o 

NA 2/34 O/2 o/34 o/o 

1.3 21/34 o/21 11/34 O/l 1 

0.3 23134 18/23 13134 s/13 

0.015 12/34 o/12 2,‘34 l/2 

0.05 31/34 21/31 28134 15/213 

0.002 5/34 O/5 l/34 O/l 

0.002 l/34 l/l o/34 o/o 

NA 2134 O/2 2134 O/2 

5 13/34 o/13 23/34 o/23 1 

NA Standard not available. 

Positively detected calcium, magnesium, potassium, and sodium in groundwater for Area C 
deleted from table as no standards for these chemicals are available. 
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Chemicals whose standards are exceeded in both data groups (namely aluminum, iron, and manganese) 

are commonly encountered metals in groundwater. Standards for these chemicals are Secondary MCLs 

and are based on aesthetic water quality. Tetrachloroethene standard exceedences are noted for the wells 

located close to an undefined, suspected tetrachloroethene source area between Sites 4 and 8. The only 

other unfiltered metal result (thallium) that exceeded a respective standard was detected in only one 

groundwater sample and is not considered to be a site related contaminant. 

In filtered groundwater samples, the occurrence of antimony, cadmium, and lead provide the most notable 

standard exceedences. 

6.4.3 Summary 

The results of the quantitative risk assessment demonstrate significant adverse systemic human health risks 

for the future residential users of the groundwater at Area C. Primary contaminants of concern include 

tetrachloroethene, antimony, arsenic, beryllium, manganese, and thallium. However, current off-Base 

groundwater use is expected to result in no adverse systemic health effects for the adult or child receptors, 

but a maximum increased cancer incidence of 1.9 x 1D5 for adults and 9.6 x 16’ for children (Table 6-9). 

Antimony, arsenic, beryllium, and manganese concentrations appear to be background levels that are 

naturally occurring in the area. 

- 

- 

- 

- 

The maximum cumulative cancer risk for groundwater exposure by current off-Base residents is calculated 

to be 1.9 x 1 Om5, which corresponds to approximately one cancer incidence attributable to exposure for an 

exposed population of 50,000 individuals, Although this risk value exceeds the U.S. EPA lower risk range 

goal of 1c8, the risk is less than the upper goal value of lo’, which is frequently used to trigger remedial 

activity. 

An incremental cancer risk of 1.2 x 10’ (Table 6-12) was calculated for future adult residents. This risk 

exceeds the upper risk range goal and corresponds to an approximated cancer incidence rate of one per 

8,000 exposed residents. Child cancer risks are determined to be 5.7 x lo.5 (Table 6-12). Risks 

demonstrated for groundwater provide an indication of the need for remedial action. 

Groundwater chemical data which exceeded Federal or Commonwealth of Pennsylvania safe drinking water 

standards generally support the conclusions of the risk assessment. Although no exceedences are noted 

for arsenic (the primary noncancer and carcinogenic risk contributor), primary MCL exceedences are noted 

for tetrachloroethene (in unfiltered samples) and antimony, cadmium, and lead (in filtered samples). 

Secondary MCL exceedences are noted for iron and manganese. Thallium, although exceeding the primary 

- 

- 
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MCL, was detected in only one unfiltered groundwater sample, and is not believed to be a site related 

contaminant. 

r 6.5 CONCLUSIONS 

6.5.1 Area C Overall 

i-’ 

r”l 

Tables 6-9 and 6-12 summarize the results of the risk assessment for Area C groundwater. The results of 

the quantitative risk assessment indicate the current residential users of groundwater incur a nnaximum 

incremental cancer risk of 1.9 x 1 U5, due to exposure to tetrachloroethene migrating from Area C. .Although 

greater than the lower risk range goal of 10-‘, the risk is below the upper limit of 10”. The associated 

Hazard Index, a maximum of 0.13, is less than unity, and adverse system health effects are not anticipated. 

The current use of carbon polishing systems at affected residences certainly reduces risk levels that are 

calculated, as evidenced by MCL compliance which is demonstrated. Also, many of the residential wells 

- will soon be unused, as a municipal water supply is currently being installed along Kirk Road. 

Based on the analytical data from Area C monitoring wells, a future residential exposure scenario was also 

evaluated. Cumulative hazard indices of 11.6 and 27.0 were calculated for adult and child receptors, 

respectively. The major (greater than 1 .O) contributors to the total hazard index are manganese and arsenic, 

and thallium also for the child. The representative concentrations used for the risk assessment for 

R 

manganese and arsenic are less than determined background levels and are considered to be naturally 

occurring. Thallium is detected at only one sampling location and its status as a site-related contaminant 

above background cannot be confirmed without additional data. 

Cancer risk levels of 1.2 x 10’ and 5.7 x 1 U5, respectively, have been calculated for future adult (and child 

residential exposure to Area C groundwater (Table 6-12). For both receptors, tetrachloroethene (3% of risk), 

arsenic (70%.of risk), and beryllium (27% of risk) are the only risk drivers. Representative concentrations 

for arsenic and beryllium are less than respective background levels and are considered to be background. 

6.5.1.1 Site 4 

For the focused risk assessment of Site 4 groundwater, only the downgradient wells are considered. The 

groundwater does not contain detectable quantities of tetrachloroethene as with other wells of Area C, but 

notable amounts of metallic chemicals were detected in shallow wells (DG-4, DG-5, DG-15, and HN-29X). 

Due primarily to the data from these four wells, the calculated risks are above acceptable limits. Table 6-l 2 

provides a summary of risks posed to future residential exposure to Site 4 downgradient groundwater. 
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Hazard indices for the adult and child residential receptors have been calculated to be 13.1 and 30.7, 

respectively, for both receptors. The most significant proportion of the risks are provided by manganese 

(77%), antimony (1 l%), and thallium (6%). For the child receptor, arsenic also provides a total hazard index 

of 0.88. Adverse health effects are not expected due to this chemical, but synergistic contributions are not 

accounted to specific target organs. 

The representative concentrations used for arsenic and manganese are noted to be less than calculated 

background for these chemicals and the calculated risks are considered to be representative of natural 

levels. Antimony and thallium are detected in only one unfiltered sample each, both at levels less than twice 

respective detection limits. In filtered samples, antimony was detected in 13 wells, with comparable 

concentrations in both upgradient and downgradient wells. This indicates that antimony is probably naturally 

occurring at the concentrations detected. 

Calculated cancer risks for Site 4 groundwater of 8.7 x lo5 and 4.0 x 1U5 were obtained for adult and child 

residents, respectively (Table 6-15). Arsenic is the sole contributor to this risk, and is attributed to naturally- 

occurring levels of this chemical as previously discussed. 
.- 

-- 

- 

.- 
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7.0 SUMMARY AND CONCLUSIONS 

r 

r 

r 
r 
r 
r 

r 

Based on the findings of the OU-3 RI field investigation and data evaluation, the following are the 

conclusions reached regarding groundwater conditions within and adjacent to Area C: 

0 

R-06-94-2 

Groundwater flow across Area C occurs primarily within the bedrock underlying the area; 

fractures within the rock mass are the principal migration pathways for groundwater in bedrock. 

The bedrock underlying the study area consists of alternating layers of fine-grained and coarse- 

grained rock units that are laterally persistent on a local scale. The rock units generally strike 

to the east-northeast and dip to the north-northwest at about 9”. 

Shallow groundwater flow across Area C is to the north, in the general direction of the slope of 

ground surface topography and bedrock dip. 

A low concentration plume of PCE has been identified in the northwestern portion of Area C, 

extending off site to residential wells north of Kirk Road. No obvious source of the PCE has 

been identified, as there was little or no PCE detected in wells installed within the ~potential 

source areas (Site 8, firing range, maintenance area) identified to data near the plume. 

Due to the relatively low concentrations of PCE found near Kirk Road and in potential source 

areas, it is considered likely that there is no well defined, high-concentration source area for the 

PCE. The pattern of contamination observed to date is suggestive of several discretie, minor 

releases rather than a long term, higher intensity source. 

The presence of a significant upward head differential between the deeper bedrock flow zone 

monitored within Area C, and the shallow bedrock zone is expected to act to prevent 

contaminant migration to the deeper portions of the bedrock aquifer. 

Carcinogenic risks related to Area C are approximately 1U5 for current potential users of 

groundwater in offsite areas and are driven by the PCE. Calculated risks are within the U.S. EPA 

target risk range. 
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l Carcinogenic risks related to Area C are approximately 10” for potential future receptors and are 
- 

driven by arsenic and beryllium, which are naturally occurring and appear to be found at 

representative concentrations below background levels for the area. 

l Noncarcinogenic risks are driven by antimony, manganese, thallium, and arsenic. Antimony, 

manganese, and arsenic are naturally occurring and appear to be found at representative - 

concentrations below background levels for the area. There was only one positive detection of 
L 

thallium (unfiltered sample only) in Area C. 

Recommendations for future groundwater-related site investigation work in Area C include: 
-- 

l Another round of sampling of the new wells within Area C should be considered to verify the 

results of the first round of sampling. Low-flow purging and sampling techniques should be 

utilized to obtain more representative samples for metals analysis. 

l Future analysis for antimony should be performed using graphite furnace atomic absorption 

methods to attain lower detection limits for comparison to regulatory standards. 

l Additional wells should be installed within any new potential source areas identified (if any) 

through Phase III RI investigation activities. 

l Aquifer testing should be performed for the shallow bedrock aquifer in the vicinity of the PCE 

plume, to obtain data for groundwater flow rate and remedial design purposes. 

.- 
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BORING NO.: 

DRILLER: 

ROWS. 

i' 3# 

900 

, -. , 

I MATERIAL DESCRIPTION’ 
I I I 

L8r*OLOGIl IO,L 

>fMw-+ 
* 

:il*MjC 

I0~cn.m.l corcsis:~Yc~ MATERIAL 
C* SOCK CCLOl 

CIASYFICATION 
JIGS REMARKS 

MAnONtSS 

REMARKS 
BORING = 
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BORING LOG MUUBURTON NUS 

?ROJEcTi BORING NO.. 

PROJECT NO.: IATE: DRILLER: 

ELEVATION. EiELD GiOLOGIST 

(Dare. 7Irre & Ccnal::onr) 
L 

MATERIAL DESCRIPTION’ Rax 
tLOWS. irunt SK. 

sAU*Lf Of’ry i- .,” atC0”t.r Lbr*OLoGy SOIL M 
“0 .)r.l :hANGf 7fl(Slr’ 

a00 SAMICf ,~tn,n,) COWsIl:tYC~ MATERIAL 
,>.t 04 r *‘* I .f%*GTu OR mcx COLOl 

ClASSIFiCATlON 
JSCS REMARKS 

RUti *AaoNtss 

NO. 

I- H 

1 
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r 
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P 

t BORlNG LOG HAufBUR7-ON #US 

REMARKS 
BORING = 
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BORiNG LOG WILLJBURTONNUS 1 - 
I 
1 

PROJECT: 

PROJECT NO.: EFEVA.TION 
WATE.7 I =1/C: >A:,: -- b- 

(Date. Tin?e 2 ccra:::OnS) 

BORING NO.: 

3ATE: DRILLER: 

FEEL3 GEOLOGIST 

I I lo4 l--l 

SOIL 
ClfIIWN 

cONsIsTt*Cv 
on nocx CaLOn 

*Ano*tss 

MATERIAL 
CLASSIFiCATlON 

JSCS REMARKS 

REMARKS 
BORING ik=- 
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BORING LOG WULIBURTON NUS 
?ROJECT: BORING NO. 

PROIECT NO.: SATE: DRILLER: 

ELEVATION. ‘:ELD GEOLOGIST 

REMARKS 
BORING ftN-2y13 
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?ROJECT: BORING NO.: 

PROJECT NO.: C)ATE. DRILLER: ELEVATION’ EiELD GEOLOGIST. 
8ORlNG LOG HAufBuRToNNus 1 - 

i 
1 

(Date, ;ire & ccrOt::OflS) 
i 

MATERIAL DESCRIPTlON’ Ran 
fLOWl iAf4Kf 6fL 

5AMPLf cl/a* i- ,a rfc,“f,” L1’hoLoCv (OIL 
M 

VO. .*., 
a00 IAUlLf 

:krMGf Jf(lSlN 
COYIISIfYC’ MATERIAL 

b T**t OA :..a1 .f%GTu 
lOWtn.ft.1 0” nocx COLOI 

CLASSlFlCATlON 
JIGS REMARKS 

RUti wlaoHfss 

NO. 

t 

REMARKS 
BORING = 



r 
PROJECT NO.: 

ELEVATlON 

i4i2 3ATE; 3-4-y-i DRILLER: t-Fe9 

‘:EL3 GEOLOGIST. ‘j&WI c- &I bf (4-R_TId 

WATE3 LEVEL 3A,rA 

(Date, 7Ine & Cct?Oi~:OnS) 
MATERIAL DESCRIPTION’ Roar 

itOWS. iAUNt 5R 

<AMlLf 3f=w i- ,* *fCwf~~ 
LlTkOLOGV IO8L M 

*0. .tr., JfNSlr* 
?OO SAMlLf 

:krWGf 
cow%Is:rYc* MATERIAL 

, m-t 0~ : a., , .f!Gln ,D~l”.t%l OI ROCK CJLOI JSCS REMARKS 

$MfL 
RUti *rlonfss 

CUSSlFiCATlON 
NO. 

REMARKS 

* Scr Legma on eacr 

BORING fi@% 
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BORING LOG h9uLIBuRToNAus I - 
I 

PROJECT: SORING NO.: 

PROJECT NO.: 3ATE: DRILLER: 

ELfVATION’ i:El.D GEOLOGIST 

WATE3 LE’EL~_.. 

(Date. Tire & Ccr?alr!onr) 

MATERIAL DESCRIPTION’ Rorx 
WOWS. (AHPLi sa 

IIUILt 3t’w j- 3R ItC,“(qr LtThoLoGv SOIL 
3WSlN M 

VO. .kl 3A.llGl 200 SrUICt (O”~n,n,, CoWslst~YC~ MATERIAL 
,r*rt 04 .tIIGTW COLOR REMARKS !+*I OR ROCX ClASSlFlCATlON 

JSCS 

RUti *1101tss 
NO. 

5 I 

1232k?s - vqp.4. @fj 
1 

(3BAfz-- 
_. 

BORING f3rJ 
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r 

r 
I- 
I- 

I MATERIAL OESCRIPTlON. Rax irUlLt 0R 
l tC,“f,* LIThOLOGV IOIL 

.tLl :i**Gt XWSl~ 
Q( 

SAM,CI IOlo~n,n,, COWS~S~~~C’ MATERIAL 
04 

.t!4(GTw 0” ROCX COLOR 
CLASSIFICATION 

JSCS REMARKS 
, SUM *AaOIIess 

NO. 

-t= 1 1~13Id~ill 

-I- 
21113111 

7h: fh’ 

I 

BORlNG LOG WULIBURTON NUS 
?ROJECT: pJ f4iA c ~iAmcmd-se SORING NO.: f-/hi -2 5 = 

PROJECT NO.: ILtVZ 3ATE: 3-;2-9’1 DRILLER: f:‘+ 433 

;ifVAT:ON’ EiELD GEOLOGIST: IQ. GOOP 



?ROJEC: 

PRO!ECT NO.. 

cL?dATION 

BORING NO.. 

3ATE. DRILLER: 

E:EL3 GEOLOGIST, 

BORING LOG H!4L/%URTONNUS j - i 1 

MATERIAL DESCRIPnON’ f’ow 
?LOWl. iAMILf fw- 

5AMILI 3lJW i- 31 atcovte* L8THOLOG* IOlL ad 
*0. .k.l \AMILL 

‘hrwit 3flllr+ 
a00 MATERIAL 

&Pet Qd ,.;, ,Deotn.~.l COWsIsTt*C* 

.t?dcTW OR ROCX COLOR 

ffw *ARoYIss CLASSIFICATION 
JIGS REMARKS 

NO. 

I gi’43;ccsi tr7u-ws~3 
V\QLD 4.5 R us ‘> 

I I I I I I 



BORING LOG HALLIBURTON NUS 
2ROJECT. BORING NO. 

PROJECT NO.. 3ATE. DRILLER: 

ELEVAT:ON F:ELD GEOLOGIST 
‘&ATE3 LE’f 5; 3;:A 

IDare. Tfme b Ccr.aic:ons) 

MATERIAL DESCRIPTION’ fkm& 
#LOWS. iAUIL1 5u 

<AMCLf 5EJW im jt l tCOvt,r Llr*oLoG” SOIL 
JorSi~ 

06 
“0. .R., 

too lAMILL 
C‘A.rrCI MATERIAL 

*mot 04 -. , .t*cw 

(~,n,n,, CoWslsnYc” 
on tocx COLOR JSCS REMARKS 

Ruti *AaoMfss CLASSlFiCATlON 
NO. 

REMARKS 

BORING = 
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BORlNG LOG HAuIBURTON NUS 
, 

PROJEC;: u WC wfquk.i nS7-f22 

PROJECT NO.. piI2 3ATE. z/zz/qq BORINGNO.: i-j-k -2-h 6 

DRILLER: h%?-f? 

Ci CVATION. b-m =:ELD G;Ol.OGlST. a&l tid- 
.C, WATc3 LELc.Lrl~~ 

(Date, 7Ime & Ccna:::On5i 

MATERIAL DESCRIPTION’ Rax 

WOWS. i*URt 0a 
tAM*Lf 31-u i- 3t rtc,vt,r LoTMoLoG” SOIL cd 

*0. .tr.l too SAMILL 
:ir.*ct Jt(lsl* 

* rrtt 067 -. , .t!Gn4 
,O~,n,n,, COWs~s~r~C’ MATERIAL 

on tocx COLOI JSCS REMARKS 
RUti *A.Ioc(ess CL4SSIFICATlON 

.M NO. 

Blsltr~r’I 
= w ztn 52 

I ’ m: $3’ 

i 

REMARKS 
BORING w 
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BORING LOG d&ifUURTON NUS 
PROJECT: rJf+ac @4?LMlE3SW BORING NO.: t+rv - tb s 

PROJECT NO.: 1 q 17- 3ATE: 2/P?! w 

ELEVATION. ;:ELD GEOLOGIST: ‘D . &ix 

WATE3 LE!E,3A:A _ 

(Date. Tin-e & Ccno:::ons) 

I MATERIAL DESCRIPTfON’ 
KOWS. !AUICI I I or( 

MATERIAL 
CLASS1FIcsTl0N I I JIGS REMARKS 

REMARKS 
BORING w-G ’ 



REMARKS 
BORING = 
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PROJEC;: SORING NO.: 1 
iJROJECT NO.. JATE: DRILLER: ELEVATION- FiEL3 GEOLOGIST WATEXLE’fZL2&2_.. 
(Date, Tin-e 8 Ccno:::on5) 

MATERIAL DESCRIPnON’ fbcx 

MOWS. ;rurtt BR < ,AMDLf Jt’rr i’ .Jl *tCg”t,* LB’hOLoGy IOIL tm 
“0. .R.l JfM~lN 

200 s*u*ct Cbl.MGL 
i m*f 04 :..,, I0Wtn.R.l 

CO*llctYC~ MATERIAL 
.t!da-h CR eocx C3LOI 

CLASSlFlCAllON 
2ICf REMARKS u RUU 

I;N NO. 
MAIOW~II I I 

I- H 
I I I I I I Dd57-Y 

BORING LOG h#UfEdURTOA’ NUS 

REMARKS 

- h~tqrnaonaxx 

- -. I 

BORING -t@d@ 
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?ROJECf: 

PROJECT NO.: 

;iEvATION WATER 1 =‘JEL >A;A -- 

(Date. Ttrre & Cona!::ons) 

BORING NO.: - 
SATE: DRILLER: 

;:EL3 GEOLOGIST, 
, 

I 
1 

10N’ 
- 

MATERIAL DESCRIPT 

Llr*OLOGv SOIL * 
:ilANGL JfM14m 

COllflf7fYCV’ MATERIAL 
cDwm.n.r OR ROCR COLOR CLASSlFlCATlON 

JIGS REMARKS 
UARDL(ffS 

- 

t 
I I L I 
I I . I I 

- 

t 

I I 

I I 

- 

BORING 
HFJad= 
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BORING LOG W/BURTON NUS 1 

?ROJECT: 
pJfq-dc. ~j+?cA-LIds\L(it BORING NO.: + - 27 s 

PROJECT NO.: t4rz DATE; z/zri4q DRILLER: fu-e6 

EiEVATiON’ F:ELD GEOLOGIST- ’ 3 . wme r? 

WATE?! LEVEL 3AX 

(Date, Tin-e & Conalr:ons) 

-_---- 

i- 3t l fcOvf~~ 
LllYOLOG~ SOIL 

JfNSl~ 
a00 IIMPLf 

:ilA.wGf 

,.'., .LRGTW 
cOmn.n.1 

coMsIs:fYc~ 

OR toclc CJLOI 

l4A10NfS1 

REMARKS 
BORING a 



BORING LOG ?’ Wf%URTON NlJS - 
1 

PROJECT: BORING NO. : 

PROJECT NO.: 3ATE: DRILLER: 

ELEVATION. EiELD GEOLOGIST. 

(Dare, Ttme & Ccna~::onr) I 

1 %3219s I ! 
I H 

1 

II-----l I c 
REMARKS 

BORING 
&P27 s 



BORING LOG MU.U%URTON NUS 

?ROJECT: 
r\lf+tJc \/clpcR_Ml~Ste/)2_ BORING NO.: F3h, -- 23 3-- 1 

PROJECTNO.. b 3ATE: DRILLER: tf-w+---‘s 

EFEVATION: FiELD GtOLOGIST D. LC)k!bh 

WATE3 1 =‘/C: 3ATA 

(Date, Time & Ccnot~:ons) 

REMARKS 
BORING *!h! 



BORlNG LOG WUU..URTON NUS i - 
1 
1 

?ROJECT: SORING NO.. 

PROJECT NO.: 3ATE: DRILLER: 

ELEVATION. E:ELD GEOLOGIST: 

WATE? LEVEL 3A:A 
1 

(Dare, 7In-e & Ccra:~ons) 

MATERIAL DESCRIPTION’ Ibcrc 
KOWL i.MCLf Blr ,- 

IAMILL 3f’” i- 3* *fCrP4tr~ 
L~THOLOGI SOIL 

*0. .n., CHINGf 3flolN 
M 

100 srurrt 

, m-f 04 I -. , .fNGln 
,o”cn,rr, COMSlSfCNC* MATERIAL 

OR rocx COLOR 
CLASSIFICATION 

JIGS REMARKS 
RUU *IaoYfss 

NO. -_ 

Q/r. sd5m 

. 

I I I 1 I I 

REMARKS 
BORING m 
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?ROJECT: 

PROJECT NO.: 

ELEVATION. 

WATE3 E’iEL =A>.. 

(Dare. Tlfre & Cona:::ons) 

SORING NO.. 

3ATE. DRILLER: 

F:ELD GEOLOGIST: 

, 
RORlNG LOG HALL~BURTON NUS i 

- 

MATERIAL DESCRIPTION’ Rare 
B(L 

lTkOLOGI IOlL M 
ZAAMGi Jf?eSl~ 

CowsrsTfYC~ MATERIAL 
l0~n.n.l OR *oc* C?LOI 

CLASSiFlCATlON 
>scs 

UAlONISS 

REMARKS 
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BORING LOG M4LLJ5URTONNUS 1 

?ROJEc: BORING NO.. 

PROJECT NO. : 

5FEVATION: 

WATERLEX- 2cAe. 

(Dare. Tire & Cn,nal::ons) 

3ATE: DRILLER: 

FiEL3 GEOLOGIST. 

UOWS. 

j- .,” 

a00 

I -. I 

MATERIAL DESCRIPTION’ 
SA*)PLf 

l fC,v*,r Llr*OLOGy IOlL oa 

SAMILL 
:YIMGf XNSl~ 

COWslsttYC~ MATERIAL 
.f*(Glw ,omn.n., 0” ROCX COLOR 

CUSSIFICATION 
JIGS REMARKS 

UAaoYtss 

REMARKS 
BORING h!% 
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i BORlNG LOG WUUBURTON NUS [ - 
L 1 

. 
PROIEC;. 

PROJECT NO.: ;iEVATION. 
l&ATE3 LE’/EL ;A:A 

(Date. Time 8 Ccralconr) 

BORING NO.: H/d--zY-s I_ 3ATE: DRILLER: 

‘:ELD GEOLOGIST 

MATERIAL DESCRIPTION’ fbclc 
KOWS. i.hvLf %R .- 

SAUILf Of--M i’ 3* ,(CO”(,” LI’“OLOGY SOIL 
JfMVN 

a 
*0. .h.l 200 5IMv.f CilAMGf 

,O”m,h,, coNs~s:e~c” MATERIAL 
A r*w 04 $..,, .fMTw on *occ COLOU 

CLASSIFICATION 
JSCS REMARKS 

SW-4 *Ano) 

NO. - 

(Ez--* 
fJ0 Dd37; I 

Df?-MC cuTbtnl~s 

REMARKS 
BORING if@%i& 
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t BOR/NG LOG u4u/5uf??-oN NUS 1 

P 

4 

I -- i 

PROJEC: &+uJc timrvc,Qsm 

PROJECT NO.. (W2 3ATE: ‘z/lq a 2 Jh q q 
I 

ELEVATION. E:ELD GEOLOGIST: ‘&ATE3 LEVEL3A;A 
(Dare. 71rre 8 Ccralcons) 

MATERIAL 
CLASSIFICATION 

REMARKS 

REMARKS 
BORlNG m 



BORING LOG tMUfBUF?TON #US j 
I 
1 

FROJECT: 

PROJECT NO.: 

KS, -: CVATiON’ 

WATE.3 LfVEL 3A:A 

(Date. Tive & Ccnal?onr) 

BORING NO.: 

3ATE: , DRILLER: 

FiELD GEOLOGIST. 

I I I I I MATCUIAI nc<rulunnu* 

REMARKS 
BORINGw-= 
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BORING LOG WUL1BURTON NUS 

?ROJEC. 

PROJECT NO.. 

ELEVATION’ 

WATEX EEL 1AL~. 

(Dare. Fifre & Ccna:K:ons) 

BORING NO.. 

3ATE: DRILLER: 

FIELD GEOLOGIST. 

MATERIAL 
ClASSlFlCATlON 

REMARKS 

REMARKS 
BORING - 
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BORlNG LOG HALL/BURTON NUS ! - i 

?ROJECT: BORING NO.: I 
PROJECT NO.: 3ATE: DRILLER: 

ELEVATiON: FiELD GEOLOGIST, 

WATE3 LEVEL 2ATA 

(Date. 7If7e & Cc~al::onr) 

I I I I 

SOIL 
XMSIN 

M 

COWsIs:tYC~’ MATERIAL 

I lLlmn.n.1 on noclc COLOR 

r(ARONfSS CLASSIFICATION 
JSCS REMARKS 

1 NO. 1 I I 

I a I I 
l\C” ’ ’ 1 

I 
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BORING LOG HALLIBURTON NUS 1 

PROJECT. h).L+wc ~A-uM~O?STe/\ BORING NO.. t-ttd -? 4 s 

PROJECT NO.: p-j I2 3ATE. ‘3- “r-9 9 DRILLER: WA- 13 EFEVAT:ON F:ELD GEOLOGIST . G-007, 
I 

WATER I :I/=: ;/+:A 

(Date. Time & Ccna:;:ons) I 

MATERIAL DESCRIPTION’ Pam. 
6a 

SOIL 
XMS11v a& 

cowsIs:~Ycv MATERIAL 
OR l ocll COLOI 

CLASSIFICATION 
JSCS REMARKS 

MAaoNtss 
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t BORlNG LOG HALLJBURTONNUS ) - 
1 

?ROJECT: 

PROJECT NO.. 

:LfVATION. 

WATER LE’JEL 2.A:A 

(Dare, 7ime h Coral::onr) 

1 

80RING NO.: 

3ATE: DRILLER: 

E:ELD GEOLOGIST. 

MATERIAL DESCRIPTION’ Rax 
XOWI i.UILL Bit 

IAUILI 01a- j- 3” IECOVtqv 
Llr*OCOCI SOIL M 

-0. .R., 3EMllW 100 UMICl :HINCt MATERIAL 
&P*t 04 /-a, .L!lGln ,owcn.n.l cOwsrs7rYC~ 

on nocx COLOR CLASSIFICATION 
JSCS REMARKS 

RW *AlDMfSS 

NO. 

REMARK5 
BORING = 

2- OF’ 2 ‘- PACE- -. 



BOR/NG LOG 

?ROJEC: pMdC Wf 

PROJECT NO.. 14 12 DATE: 2/I& =+ 2L! 
E~:VATlON~ F:EL3 GEOLOGIST, i2wj whdC% 
WATE3 LE’JE- ZATS, 

(Date, Tine B Ccra~t:ons) 

T 
MATERIAL DESCRIPTION’ FacK 

fLOWS i.UWLl ac 
6. JR rfrovt*~ L,r*OLOGv SOLI o* 
400 SAYILL :i.AMGL JfNSlW 

coYs~sT?*c~ MATERIAL 
(Om”.lYl on noa COLOU 

CLASSlFlCATlON 
JSCS REMARKS 4 -a I .i(IGfY 

uAnD*ess 

* 

REMARK5 

’ he L*q*no on 8x1 

BORING 
Hd-29x 
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6ORlNG LOG WIUIBURTONNUS j - 1 
?ROJEC: 

PROJECT NO.: 

ELEVATION: 

WATERLE’IEL 3ti. 

(Date. Ttft?e & Ccr?a~::OnS) 

BORING NO. _- 

3ATE: DRILLER: 

EiELD GEOLOGIST 

I_ 

MATERIAL OESCRIPflON’ Rax 
#LOW% I*,ulLi Ea. _- 

5AMOLf 0t-n j- 01 *tCOVt*” 
br*oLom SOIL aa 

“0. .n., 3WliW 
400 SAMILL 

:*lWiI MATERIAL 
L rvvt 04 (..,l .&!dGTY 

lo”m.n,, cO*s~snYC” 
01 ROCK COLOl 

RUti MA1011fSS 
CLASSlFlCATlON 

JIGS REMARKS 

NO. ._ 

III - II ” I- 

I Ill0 I i I I kH&iKJl+- %-. -- I I 
REMARK5 

BORING 
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BORING LOG 

?ROIECT: 

?ROJECT NO.: 
ELEVAT:ON 

WATE 3 LE’f EL 3A.:s. 

(Dare. Tfme & Ccna:::ons) 

L 

HAulBURTON NUS 1 

W 
BORING NO.: 

3ATE: DRILLER: 

FiELD GEOLOGIST 

NO. I I 
I 

” 

I 
L 

( 

I 

1 

i 

REMARKS 
BORING 



BORING LOG HALLf%lJRTON NUS 1 
L 

PROJECT: fl)q-dAulc: &&q+9wrdS~IZ BORING NO.: 

PROJECT NO.: j3lz- 3ATE: 2jq * Z/IO DRILLER: 
. . 

ELEVATION’ 

WATER 1 “I:; 2ATA -- 

(Date. 7rme & CcralronsJ 

iiELD GEOLOGIST, Jhrl wLdL\eq 

REMARKS 

z- 

25 
‘z 

REMARKS 
BORING m 



BORlNG LOG h%UJ%URTON NlJS [ .- 
4 

?ROJECT: rJAu>c iC:)ChO-MIJ1 SW BORING NO.: Hn, - 30 _ 

PROJECT NO.. rq13, DATE: 2/9 + z/i0 DRILLER: 

ELEVAT:ON. E:ELt) GEOLOGIST 

MATERIAL DESCRIPTION’ 
I I . I  

SOIL OA 
3FMS1~ 

coL(s~s:eYc* MATERIAL 
on nocx COLOR CLASSIFICATION 

JSCS REMARKS 
YAIOWISS 

I I I I .- 

I I I I 

REMARKS 

* 5** Le9mo on aacx 

BORING - 
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[ BORlNG LOG HALL/E?URTON NUS 1 
I 

t-!-d -3 (-t s 
1 

PROJECT. NWC wAaM~ee4 SORING NO.. 

PROJECT NO.: 3ATE: z//iQjqq DRILLER: PA- - 

EiEVATiON’ ::Ei3 GEOLOGIST RI Goob 

WATER I-EVE- >A:; 

(Dare, Time & Cc~a:ronr) 

of=rw 

.h.l 

04 

SUti 
NO. 

I I I 
I I 
i I 

---I I 

2313 35 
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BORlNG LOG HAufBURTON NUS ‘- 

1 
?SOJEcT: BORING NO.. L 

PROJECT NO.: SATE: DRILLER: ELEVAZON. F:ELD GEOLOGIST I 

(Date. T!fre & CcrcIr::Ons) 
MATERIAL DESCRlPT1ON’ Fbu 

NOWC <runt 8R. 1 ^_ 
CrurLf 3f’N j- .,n *fCOVtT~ 

LIWOLOGY SOIL 

*0. .h.l CYIMGf 3f+IllW 
M 

300 SrUlLt Co*ltsrtYC~ MATERIAL 
L l-+-e 04 :..*, .t!Grn 

lO~tn.~.l OR aOCK COLOR 

RUti *ARO*fIl 
ClASSlFiCATlON 

JKI REMARKS 
I r. 

NO. 

REMARKS 
BORING 

e Y ‘- 
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?QOJEC: 

F’ROJECT NO.. E$/ATiON 
WAi-E3 LEVE1 jA:A 

(Date. Trr?e & Ccm:::onr) 

1 
BORING NO.: 

3ATE: DRILLER: 

=iELD GEOLOGIST 

I 1 
-‘SCRIPTION’ 

I 
LIT*oLoc 

-__ 
:Y.*Gf 

c0mm.n. 
. . MATERIAL 
c ccKo* 

CUSSlFlCATlON 
JIGS REMARKS 

is 
1 I 
I 

I 

MATERIAL DE 
ZF- I, I I 0” *OCI blA”O”f! 

I 

BORING LOG wuL/6rURrollt NUS 
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APPENDIX B 

WELL CONSTRUCTION DIAGRAMS 



T- 
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BORING NO.: HN -23 S 
BEDROCK 

Q A HaNburton Company 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

PROJECT fl~CW~~flS~R LOCATION W4X/Lltn5%q p4 DRILLER m&‘+‘+~ 

PROJECT NO. tY12 BORING Hhf- 23 s 
ELEVATION DATE 

:;;;;; &if-- /2xm+q 

FIELD GEOLOGIST .D . Who&~ DEVELOPMENT 
METHOD Cedr, hfif 

+ll-rt ELEVATION OF TOP OF SURFACE CASING: 

jj 
STICK UP OF CASING ABOVE GROUND 

m t--j-- SURFACE: 

GROUND 
CI T,,ATInLI ELEVATION TOP OF RISER: 

TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

;a I% TYPE OF BACKFILL: 

ELEVATION / DEPTH TOP OF SEAL: 
+- ELEVATION I DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

I3 

ELEVATION / DEPTH TOP OF SAND: - y-l 

ELEVATION/DEPTH TOP OF SCREEN: - 5-2 

TYPE OF SCREEN: Scko YO ?UC 

SLOT SIZE x LENGTH: .62@-IhCh x \I> -f&T 

I.D. SCREEN: 1 - I nCh 

TYPE OF SAND PACK: 

A# 2 MDr1e eQoiv/. 

DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: &- ; *& 

ELEVATION I DEPTH BOTTOM SCREEN: -62 

ELEVATION/DEPTH BOTTOM OF HOLE: 
%cKF;I lea w/ hexm, ;re -m 

-73 
6.9 



BORING NO.: /-b -23 1 

BEDROCK 

0 

MONITORING WELL SHEET 
A Halliburtm Company WELL INSTALLED IN BEDROCK 

- 

F 
F 
E 
F 

= 

‘ROJECT Mha $-7a5-- LOCATION i.d~cMlnSTeC, PA DRILLER R-8 

BORING fl d-233 DRILLING 
‘ROJECT NO. METHOD hk bwy 
ILEVATION DATE 

D. WhLLeA 
DEVELOPMENT 

7ELD GEOLOGIST METHOD ,d&mcA\ (h-siA*j 

ELEVATION OF TOP OF SURFACE CASING: 

4 STICK UP OF CASING ABOVE GROUND 
-. SURFACE: 

GROUND ELEVATION TOP OF RISER: 
ELEVATION TYPE OF SURFACE SEAL: 

~@lA?,rcs ckou3- 

I.D. OF SURFACE CASING: b - ; *D h 

DIAMETER OF HOLE: lo c ; w/h 

RISER PIPE I.D.: 2 - ,~c/cc\ 

TYPE OF RISER PIPE: 

s&eD 40 PVC 

TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 
+ ELEVATION! DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

ELEVATION/DEPTH TOP OF SAND: L5- 

ELEVATION / DEPTH TOP OF SCREEN: 136 

TYPE OF SCREEN: .%hD q o PVC 

SLOT SIZE x LENGTH: * 020 - ;mAx K&d- 

TYPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: 

ELEVATION I DEPTH BOTTOM SCREEN: 

ELEVATION / DEPTH BOTTOM OF HOLE: 151 

- 

- 

-. 

-,. 

- 

..- 

_- 

-. 

,..- 

,_ 

.-“. 



;a HALLIBmruN N us SORlhG NO j-id-23 
'!::!jf' En vironmentcd Corporan’on OVERBURDEN 

MONiTORiNG WELL SHEET 

Auu: awfls=& LOCATION p;filflAm fA 
‘ROIECT NO. PII2 BORING 3 -23x 
ILEVATION DATE 
‘IELD GEOLOGIST l-3. whA\e~ 

GROUND 

ELEVATION /6- 

DRILLER -&AA6 

DRILLING 
METHOD hi+?- bT*y 

DEVELOPMENT 
METHOD -c.eblT- fd+ 

ELEVATiON OF TOP OF SURFACE CASING : 
ELEVATION OF TOP OF RISER PIPE: 

- STICK - UP TOP OF SURFACE CASING: 
STICK - UP RISER PIPE : 

lJ-i-+ TYPE OF SURFACE SEAL: h%e rfi- f=h d- 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

SC\LcD q.0 PVC. 

SOREHOLE DIAMETER: b - ; ncjh - 

TYPE OF BACKFILL: ,b-e a-e e trrk 

ELEVATlON I DEPTH TOP OF SEAL: 

TYPE OF SEAL: b evL--T-ii -0 i-i-e; 

DEPTH TOP OF SAND PACK: 

- ELEVATION I DEPTH TOP OF SCREEN: 1 

- TYPE OFSCREEN: %-,kD I-lo hc 

SLOT SIZE x LENGTH: + @ 20- \-rI &XS-fT 

I D. OF SCREEN: 2- I Gh 

- TYPE OF SAND PACK: 442 l4oTle EQL. 

- ELEVATION I DEPTH BOTTOM OF SCREEN: 12. -- 

- ELEVATION/DEPTH EOl-TOM OF SAND PACK: ,I 3 
TYPE OF BACKFILL 6ELOy OBSERVATION 
WELL: ’ IL/A 

- ELEVATION I DEPTH OF HOLE: I2 



BORING NO.: i--b24 3 
BEDRQCK 

0 

MONITORING WELL SHEET 
A Haburton bmany WELL INSTALLED IN BEDROCK 

‘ROJECT NO. 
ELEVATION 
-IELD GEOLOGIST 

DATE 
D. ‘dhklf?-- 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

GROUND ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: fo - 1 r?0h 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 2-h& 
TYPE OF RISER PIPE: 

S&m yo fwc 

TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 
ELEVATION I DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

ELEVATION / DEPTH TOP OF SAND: i-w- 

ELEVATION / DEPTH TOP OF SCREEN: 50 
TYPE OFSCREEN: %A e” 40 pvc 

SLOT SIZE x LENGTH: a D20-~~3t x IOfT 

TYPE OF SAND PACK: 
*2 J%cie CQdi~. 

CORE / REAM: 

-------IQ0 I ELEVATION / DEPTH BOTTOM SCREEN: 

ELEVATION / DEPTH 



T- 

T 

R 

BORING NO,: 

BEDROCK 
H” -2Li= 

0 

MONITORING WELL SHEET 
A Halliburton tipany WELL INSTALLED IN BEDROCK 

FLEVATION 
:IELD GEOLOGIST 

STICK UP OF CASING ABOVE GROUND 

GROUND 
ELEVATION 

ELEVATION TOP OF RISER: 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

TYPE OF RISER PIPE: 

SchD 40 ?-VI 

TYPE OF BACKFILL: 

&3zJ--bY\:-re 

ELEVATION/DEPTH TOP OF SEAL: 
ELEVATION/DEPTH TOP OF BEDROCK: IS 

TYPE OF SEAL: 

ELEVATION/DEPTH TOP OF SAND: - q5- 

ELEVATION/DEPTH TOP OF SCREEN: _ IO0 

TYPE OF SCREEN: %hD 40 ?vc 

SLOT SIZE x LENGTH: ’ 020-j n& x la-i% 

DIAMETER OF HOLE IN BEDROCK: 

CORE / REAM : 

ELEVATION I DEPTH BOTTOM SCREEN: 



6% Halliburton NUS 
~,~CORPORATION 

BORING NO.: i-id-z55 

BEDROCK 
MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

PROJECT NA=!‘c WMr n Se& LOCATION tiw’nsm PA DRILLER RAA-8 

PROJECT NO. 1Y \z BORING HI; - 25s DRILLING 

ELEVATION DATE METHOD Al& RoTiche’( 

FIELD GEOLOGIST K , K ;~w@-rt-nti DEVELOPMENT 
METHOD sue h’+f 

;RCiJND ELEVA’TION 

ELEVATIbN TOP OF RISER: 

TYPE OF SURFACE SEAL: CeuebT 
TYPE OF PROTECTIVE CASING: 2itee.L 

I.D. OF PROTECTIVE CASING: b-inch 
DIAMETER OF HOLE: I O- irJch. 

RISER PIPE I.D.: .2- Ir?ch 

TYPE OF BACKFILL: a ca0 rz ; re 

ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: @ZtiiTi n ,tfL 

ELEVATION/DEPTH TOP OF SCREEN 30 

TYPE OF SCREEN: ..?C..kcD Ye PVC 
SLOT SIZE x LENGTH: ,oZo- 1nC-k x ‘5 feeT 
I.D. SCREEN: 2 - 1 fich 

---------------TYPE OF SAND PACK: *z &Cl& fQL1hr. 

DIAMETER OF HOLE IN BEDROCK: lo- * I Ylch 

ELEVATION/DEPTH BOTTOM SCREEN: 
ELEVATION/DEPTH BOlTOh HOLE: 

i&v-&ok buckGih= &-J-k 
bevg7Jn;l-e -r-o Yq ,w-. 

45 
JQ5 

ACAO: C: ?EFF.OWG 06/l 4/94 TD 



IT-- 

LT 

gk Halliburton NUS 
;~CORPORATION 

BORING NO.: w-25-r 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

PROJECT T\IAti tdf-ltb’t I fl S-i-e& ?A DRILLER-(i k&B 
PROJECT NO. IY ‘2. 

LOCATION b&+-M 1 as* 
BORING Hd - 25 5 

ELEVATION DATE ;~~~~G~-ilc j?oTRf2\r’ 

FIELD GEOLOGIST-D DEVELOPMENT 
METHOD A’“u6 fdd 

ELEVATION TOP OF RISER: 

IRFACE CASIN 
TH LOCK 

TYPE OF SURFACE SEAL: CeMUi 

TYPE OF PROTECTIVE CASING: 3-e I- 

I.D. OF PROTECTh’E CASING: b-inclz 

DIAMETER OF HOLE: 1 @ - I r\cL, 

RISER PIPE I.D.: z- ‘Inch 

TYPE OF RISER PIPE: 
SckeO Yo PUC 

TYPE OF BACKFILL: ~~f’i-i-~ fl ; re - 

ELEVATION/DEPTH TOP OF BEDROCK: 

WE OF SEAL: %%‘-rofl ;-rc 

ELEVATION/DEPTH TOP OF SAND: cl 

ELEVATION/DEPTH TOP OF SCREEN 13 
TYPE OF SCREEN: Schw qo f-Jc* 

SLOT SIZE x LENGTH: l 
DZO-inch X \OfT 

I.D. SCREEN: 2 - incl-j 

--TYPE OF SAND PACK: # 2_ rytwl& e&.u;LT. 

DIAMETER OF HOLE IN BEDROCK: 

ELEVATION/DEPTH BOTTOM SCREEN: 83 
ELEVATION/DEPTH BO-ITOM HOLE: 83 

: CJLFF.DWG 06/l 4/94 TO 



BORING NO.: i-fd-26.5 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

PROJECT l\rfhdc M)&fCtLfl.%-w LOCAn ON bh.*> 5 Tee 44 DRILLER r4A-e 
PROJECT NO. 14 12. BORING * - b 6’ DRILLING 
ELEVATION DATE METHOD fi I& &‘T/Kf 
FIELD GEOLOGIST D. *dhcLleh, DEVELOPMENT 

METHOD dT&. fokp 

;RCLJND ELEtATlON 

ELEVATION TOP OF RISER: 

TYPE OF SURFACE SEAL: 

TYPE OF PROTECTIVE CASING: 
I.D. OF PROTECTIVE CASING: 4 - ivd-x 

DIAMETER OF HOLE: 10 - iech 

RISER PIPE I.D.: 2- i-cl\ 

ELEVATION/DEPTH TOP OF SEAL: 

ELEVATION/DEPTH TOP OF BEDROCK: 

ELEVATION/DEPTH TOP OF SAND: 2% 

ELEVATION/DEPTH TOP OF SCREEN 33 
TYPE OF SCREEN: 5 chW ‘-iG Fdc 
SLOT SIZE x LEN;TH: r ‘320 - i n& X 2o -f+d- 
I.D. SCREEN: - lr?Ch 

TYPE OF SAND PACK: *z &p-t-~ e62ud. 

DIAMETER OF HOLE IN BEDROCK: 6- iti& 

ELEVATION/DEPTH BOTTOM SCREEN: 5-3 

ELEVATION/DEPTH BOTTOM HOLE: .c;-3 

ACAD: C: XFF .DWG 66/l 4/94 TO 



F-l- 

- 

4% Halliburton NUS 
m~~CORPORATION 

BORING NO.: j-b+== 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

PROJECT Nf+wC brM;vt5Tt% 
PROJECT NO. I 4 I 2 
ELEVATION DATE 

;;i#;;G Ft I f? #m-f=\3 

FIELD GEOLOGIST /-t. KiLM&f-?Tid DEVELOPMENT 
METHOD b”f&. PdMp 

;ROUND EIEVATION 

SURFACE CASING 
MTH LOCK 

AD: C: JEFF.DWG 66/l 4/94 TD 

-ELEVATION TOP OF RISER: 

-TYPE OF SURFACE SEAL: th&iT 

-TYPE OF PROTECTIVE CASING: S-!-CCL. 

I.D. OF PROTECTIVE CASING: 6 - l-tic L 
-DIAMETER OF HOLE: IO- i yIc/k 

-RISER PIPE I.D.: z- i mcc, 

TYPE OF RIFSEgIPE: 
D Yo ?QC 

. 
-TYPE OF BACKFILL: ae (zm n ’ -F= 

-ELEVATION/DEPTH TOP OF SEAL: 

- ELEVATION/DEPTH TOP OF BEDROCK: 8 

--TYPE OF SEAL: ~Tinh-c 

-ELEVATION/DEPTH TOP OF SAND: 

-ELEVATION/DEPTH TOP OF SCREEN 
TYPE OF SCREEN: ScheO I-in 

SLOT SIZE x LENGTH; ozp -\ r 
I.D. SCREEN: - I fit\ 

125 

-TYPE OF SAND PACK: Q /40cti ew-M 

-DIAMETER OF HOLE IN BEDROCK: d- ;nch 

-ELEVATION/DEPTH BOTTOM SCREEN: v-6 

ELEVATION/DEPTH BOTTOM HOLE: 205 

@cw-dde bQc-kG i I I e!l 

mi7h bea-cmt‘re TO 151 G-r, 



BORING NO.: k-h -2 75 
BEDROCK 

Q 
MONITORING WELL SHEET 

A HaNburton bvany WELL INSTALLED IN BEDROCK 

PROJECT N &dc 
PROJECT NO. 

k$l$nSklT LOCATlON&.hJ lflS=c PA DRILLER PA 4o 

1 BORING f+ N-27 5 DRILLING 
METHOD f% b=+‘+f 

ELEVATION DATE 
FIELD GEOLOGIST D. hJha-lea 

DEVELOPMENT 
METHOD fie. fc& 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

GROUND 
ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

(lA?MeYiT ~L.43- 

I.D. OF SURFACE CASING: 6 - if--Id-i 

DIAMETER OF HOLE: IO- I 0 t 1, 

RISER PIPE I.D.: 2 - 
TYPE OF RISER PIPE: 

ScLm Y.0 ‘?‘\/C 

TYPE OF BACKFILL: ?)e vi?--(o fi ,rf 

ELEVATION / DEPTH TOP OF SEAL: 
+ ELEVATION I DEPTH TOP OF BEDROCK: 8 

TYPE OF SEAL: i$?A.nm L-i-e. 

ELEVATION / DEPTH TOP OF SAND: IS 

ELEVATION/DEPTH TOP OF SCREEN: 2.0 
TYPE OF SCREEN: Sohev qo PVC 

SLOT SIZE x LENGTH: * 020- i&h X 2Sfr 

TYPE OF ~AND PACK: 

q 2 Jh7-Pic C&ui\/. 

DIAMETER OF HOLE IN BEDROCK: 

CORE / REAM: 

ELEVATION / DEPTH BOTTOM SCREEN: 4 5 
TTOM OF HOLE: 

- 



BORING NO.: 
BEDROCK 

j-h -27 1 

(3 
MONITORING WELL SHEET 

A Halliburton Company 
WELL INSTALLED IN BEDROCK 

METHOD hTAr\( ‘fk. 

FIELD GEOLOGIST 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

_ 

GROUND 
ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

ecPw/vt‘T EN-0 a-. 

I.D. OF SURFACE CASING: L?- Inch 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

SckD L-lo jwc 

TYPE OF BACKFILL: ~et-cl-0~ 1-i-e 

ELEVATION/DEPTH TOP OF SEAL: 
t ELEVATION I DEPTH TOP OF BEDROCK: 1s 

TYPE OF SEAL: a*-=) 0 1-t e 

ELEVATION / DEPTH TOP OF SAND: _ 145 
ELEVATION / DEPTH TOP OF SCREEN: _ Pig 

TYPE OF SCREEN: ScLtD qo ?v-c 

SLOT SIZE x LENGTH: * 020~id x IO fr 

TYPE OF SAND PACK: * 2 M0cI.C ec;LoIti. 
DIAMETER OF HOLE IN BEDROCK: 

CORE / REAM: 

ELEVATION/DEPTH BOTTOM SCREEN: -I- 

EVATION I DEPTH BOTTOM OF HOLE: 



BORING NO.: ,ftn, -2 & s 

BEDROCK 
MONITORING WELL SHEET 

A lialliburtm company WELL INSTALLED IN BEDROCK 

PROJECT /&b-t wAf;ifl=t 
PROJECT NO. I 
ELEVATION DATE 
FIELD GEOLOGIST 6. y;Llv\&o~Ij 

DEVELOPMENT 
METHOD 60 * fC)IMP 

GROUND 
ELEVATIO - 

- ELEVATION OF TOP OF SURFACE CASING: 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RISER: 
- TYPE OF SURFACE SEAL: 

(yeJwL%T c~us- 

- I.D. OF SURFACE CASING: b c ’ “c’? 

- DIAMETEROF HOLE: 1 o - i Y\cA 

- RISER PIPE I.D.: 2- i WA 

TYPE OF RISER PIPE: 

sCk.eD- yo vq\c 

- TYPE OF BACKFILL:, 

‘h3e,r2TC! n l-l-e- 

- ELEVATION /DEPTH TOP OF SEAL: 
+ ELEVATION I DEPTH TOP OF BEDROCK: IO 

- TYPE OF SEAL: l+l/Yiafi L-k 

- ELEVATION / DEPTH TOP OF SAND: 

- ELEVATION / DEPTH TOP OF SCREEN: 

53 
s6 

TYPE OF SCREEN: %hQD YO +‘-t 

SLOT SIZE x LENGTH: p 020 - 1 q ‘cl, x IO fr; 

I.D. SCREEN: 2- in& 

- TYPE OF SAND PACK: 

- DIAMETER OF HOLE IN BEDROCK: 

CORE/REAM: -iv\ CA 

- Lb 
- ELEVATION I DEPTH BOTTOM SCREEN: 

ELEVATION / DEPTH BOTTOM OF HOLE: 
fjc\ct(-F;11 iea;n\ bevC$m~Te 73 li?~-&-’ 

-  

-_ 

- .  

-  

^_. 

_- 

-^ 

I -  

- .  

. -  



l!i!Bb!E, BORING NO.: i’fhr-2sz 
BEDROCK 

0 A Halliburton company 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

PROJECT r\lA-lhJc ~;~&/- LOCATION Ir\lach I r6-c fi 
PROJECT NO. ! BORING kr\, - z 8 * 
ELEVATION DATE 
FIELD GEOLOGIST D- Whn levl 

GROUND II I 
ELEVA7 

- ELEVATION OF TOP OF SURFACE CASING: _ 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RISER: 
- TYPE OF SURFACE SEAL: 

C’,eMb~7- m LLT 

- I.D. OF SURFACE CASING: h- ’ r? h 

- DIAMETER OF HOLE: to - \ A cl, 

- RISER PIPE I.D.: 2‘- ’ 1 -A 
TYPE OF RISER PIPE: 

5d-a ‘-lo pin. 

- TYPE OF BACKFILL: i3 cd-i? fi ;7-e 

- ELEVATION! DEPTH TOP OF SEAL: 
+ ELEVATION I DEPTH TOP OF BEDROCK: rlo 

- TYPE OF SEAL: BwmI?F‘rTe 

- ELEVATION / DEPTH TOP OF SAND: --!a!- 

- ELEVATION! DEPTH TOP OF SCREEN: _ 167 
TYPE OF SCREEN: $dL.e? 40 PVC 

SLOT SIZE x LENGTH: ’ ozo-in& x 5-f-r 

I.D. SCREEN: z- if-d 

- TYPE OF SAND PACK: %-we _15?7b 
1’1Zb~ ZMof\? eQu‘,v(lSq m 1~57) 

- DIAMETER OF HOLE IN BEDROCK: 

CORE / REAM: 6-;clch 

- ELEVATION I DEPTH BOTTOM SCREEN: -_ 172 

ELEVATION I DEPTH BOTTOM OF HOLE: _ w 
Naura\ Co\\ae5e/bacKSil\ To I’72 



- 

BORING NO.: 25 /IA/-z4 
BEDROCK -- 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

,,,,,CTr\J~c~~ii%~ LOCAT,ONhhftitflS- PA ;;;;:;;G g*A B 

‘ROJ ECT NO. 7w2 BORING f-+h’ - zq ’ METHODhe t%=jy 
:LEVATION 
IELD GEOLOGIST 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

GROUND ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

&wuLfl 6-m cl- 

I.D. OF SURFACE CASING: (Q - iti& 

DIAMETER OF HOLE: 1 0 - ‘; -6 

RISER PIPE I.D.: -2--i*& 
TYPE OF RISER PIPE: 

sa,ep yo PVC 

TYPE OF BACKFILL: i3ev-l ‘i-Do 1-x 

ELEVATION I DEPTH TOP OF SEAL: 
ELEVATION / DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: &.%qTo VI h--e 

ELEVATION I DEPTH TOP OF SAND: 38 

ELEVATION / DEPTH TOP OF SCREEN: 40 

TYPE OF SCREEN: c.5?!.LeP tfo PG 

SLOTSIZE x LENGTH: 1020 - i 0C-h x 15 -k- 

I.D. SCREEN: Q- itiLl 

TYPE OF SAND PACK: 

-2. /QOCL‘~ fLm.Gd- 

DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: 

ELEVATION / DEPTH BOTTOM SCREEN: 



BORING NO.: /-h -3% 
BEDROCK 

0 
MONITORING WELL SHEET 

A Halliburtcm Company 
WELL INSTALLED IN BEDROCK 

METHOD a&&m 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

ELEVATION TOP OF RISER: 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

sohey qo jwc 

TYPE OF BACKFILL: D?,vii v-h-e 

ELEVATION / DEPTH TOP OF SEAL: 
+ ELEVATION / DEPTH TOP OF BEDROCK: -s 

TYPE OF SEAL: i% fim fl Lx 

ELEVATION / DEPTH TOP OF SAND: 0-s 

ELEVATION / DEPTH TOP OF SCREEN: rzs- 

TYPE OF SCREEN: s&D% m - 

SLOT SIZE x LENGTH: 402° - inCLX IS-k: 

TYPE OF SAND PACK: 

*2. Pm%. exLLLii. 

DIAMETER OF HOLE IN BEDROCK: 

CORE / REAM: 

ELEVATION /DEPTH BOTTOM SCREEN: I35 - 



~5; tfALLIBUR’I’UN N US BORING NO @@& 
i:/ Environmental Corporm’on OVERBURDEN 

MONITORING WELL SHEET - 

r P 
P 

ROJECTtiAw c LdMMl,n3TeR KWltCI l.“r’WL w rn~“LI’l-/ 
ROJECT NO. ROJECT NO. Pi 1 Pi 1 2. L 

’ -- LULW I IUIY,~ 
---.s.- 

LEVATiON LEVATiON UAIt DATE 
IELD GEOLOGIST IELD GEOLOGIST D. \. 3,. *. \ * rT\ D. Wh&len 

ORILLER KA- A-8 

ORILLING 
METHOD &In. b%+fr’ 

i 
OEVELOPMENT 
METHOD CeflT: f’-‘d 

GROUND 

ELEVATION 

d ELEVATION OF TOP Of SURFACE CASING . 
1 ELEVATION OF TOP OF RISER PIPE: 

I 
I 

t , STICK - UP TOP OF SURFACE CASING: 
STICK - UP RISER PIPE : 

TYPE OF SURFACE SEAL: &hlf fii fh v-f- 

! 0. OF SURFACE CASING. co hd-l - 
TYPE OF SURFACE CXSINr:Z, 

sl-eeL- 

- 

TYPE OF RISER PIPE: 
<c/hen 40 PLTC 

I 
v SOREHOLE DIAMETER: - ‘i V-CL 

l?‘PE OF BACKFILL: 

* ELEVATION 1 OEPTH TOP OF SEAL: 

I 
+ TYPE OF SEAL: !7siTo n ; J-e-. 

- QEPTH TOP OF SAND PACK: 

I 
II 

I 

ELEVATION / OEPTH TOP OF SCREEN: A-- 

J 

TYPE OF SCREEN: SchaD yo 

SLOT SIZE x LENGTH: ’ OZO-i&.,X 5-R 

I 0. OF SCREEN: 2- b-dq 

TYPE OF SAND PACK: *2 berth E&U\‘V. 

-I_ 

EtEVATlON I DEPTH 9OTTOM OF SCREEN: -- L 

ELEVATION I DEPTH 8OmOM OF SAND PACK: 10 

TYPE OF BACKFILL BELOW OBSERVATION 
WELL: * N/A 

e ELEVATION I DEPTH OF HOLE: \o 



IT- 

,- 

6kHalliburton NUS BEDROCK 
BORING NO.: m-30,: 

;FCORPORATION MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

ELEVATION TOP OF RISER: 

iT?d LOCK 

TYPE OF SURFACE SEAL: 

I.D. OF PROTECTIVE CASING: 

DIAMETER OF HO 

TYPE OF BACKFILL: 

ELEVATION/DEPTH TOP OF BEDROCK: \ ‘5 

TYPE OF SEAL: l3hG-&? ;-l-c 

ELEVATION/DEPTH TOP OF SAND: 68 

ELEVATION/DEPTH TOP OF SCREEN ,70 

TYPE OF SCREEN: ScheD 40 f>lrc 
SLOT SIZE x LENGTH:, o?o- wd, x 10 -f7- 
I.D. SCREEN: z.- idCh 

--TYPE OF SAND PACK: ++2 J45f-L-e ea.u-i\r. 

DIAMETER OF HOLE IN BEDROCK: d--bch 

ELEVATION/DEPTH BOTTOM SCREEN: go 

ELEVATION/DEPTH BOlTOM HOLE: lOI 
i&f&& tacK$mD wiT1, 

beb.tT-o~;re 7-o z33'f7-. 



6% Halliburton NUS 
&; CORPORATION 

BORING NO.: /-h-34s 

BEDROCK 
MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

ELEVATION TOP OF RISER: 

TYPE OF SURFACE SEAL: CeMhT- 

TYPE OF PROTECTIVE CASING: 
b-in& 

S-r--~ 

I.D. OF PROTECTIVE CASING: 

DIAMETER OF HOLE: IO- $I& 

RISER PIPE I.D.: 2 - ioch 

WE OF BACKFILL: 

ELEVATION/DEPTH TOP OF BEDROCK: IQ 

TYPE OF SEAL: -\@+ym rh-e 

ELEVATION/DEPM TOP OF SAND: 87 

ELEVATION/DEPTH TOP OF SC EEN 
TYPE OF SCREEN: =v2$ ->“d Tb; 

90 

SLOT SIZE x LENGTH: v r-l \ 
~ 

I.D. SCREEN: 2- rr\ch 

--TYPE OF SAND PACK: *2 A. (-Joe ea.uk 

DIAMETER OF HOLE IN BEDROCK: 6-- 12 t-m. 

ELEVATION/DEPTH BOTTOM SCREEN: loo 
ELEVATION/DEPTH BOTTOM HOLE: los 

:AD: C: :EFF.DWG 06/14/94 TO 



APPENDIX C 

WELL DEVELOPMENT LOGS 

- 



WELL NUMBER /-tti-2d 5 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 

DEVELOPMENT METHOD: &ib~e~esIbke h&d 



WELL NUMBER +I- ZLJ 1 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA 

-TIME YIELD VISUAL TEMP PH CONDUCT. TURBIDITY 
(GPW (COLOR, ETC) PC) (MMHO) N-W 

p+zs 3t6 cleG(31 AH+ tipr* 19s s-G22 

wio ‘30 ” 1q 5 kc6 

v-K<; 2‘5 ” 2Do 3.94 

I-So 2s ” 195 z/--Is- 

IS25 2s ” 2m 137. 
2~0 IcG2 

.- 

DEVELOPMENT METHOD: 



WELL NUMBER t-M-27 IL 

WELL DEVELOPMENT LOG ’ _ 

SITE: NAWC WARMINSTER, PENNSYLVANIA 

-. TIME YIELD VISUAL 
W’W (COLOR, ETC) 

TEMP 
PC) 

PH CONDUCT. TURBIDITY 
(MMHO) (N-W 

2 .I I’ I lJ,Lj Is-‘78 I s20 lo.96 

DEVELOPMENT METHOD: (?/e4qd&& 7%/Q’ 



WELL NUMBER Hwz7 5 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 3 /J g/y “f - 

DEVELOPMENT METHOD: 



WELL NUMBER +-IN-29 >c 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 3 / i 8 / ‘3 q 

- TIME 

1024 

YIELD VISUAL TEMP PH CONDUCT. TURBIDI-IY 
GPW (COLOR, ETC) (“C) (MMHO) w-w 

SlitSH-T 

Iz.2 LAZ- Km-D 12J3 

DEVELOPMENT METHOD: (bMms-F;A~&~ $.Adp 



WELL NUMBER /+AJ-2531 - 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 3 / ) 7 / q q 

-’ TIME YIELD VISUAL TEMP PH CONDUCT. TURBIDITY 
GPM) (COLOR, ETC) (OC) (MMHO) W-W 

13ij ClKtL 1210 d&4 YYO os-- 

I337 il 
/IA &I; Y/o a q 

it 

DEVELOPMENT METHOD: -psi%? FloiJ-J- 



WELL NUMBER #IL’- 201 5 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 

DEVELOPMENT METHOD: &ib.ws*, bk f%wt$' 



WELL NUMBER f-fh!-73 I- 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE. 3 /I ‘,h q 

-- TIME YIELD VISUAL TEMP PH CONDUCT. TURBIDI’W 
W’W (COLOR, ETC) (OC) (MMHO) W-W 

131% CkELff 12,3 &,6. L-lm LLI.s- 

W-lb II 12L2 6,8 Y20 u-l 1 
I’ 

DEVELOPMENT METHOD: /q-e--Tesii4-n, ww- 



WELL NUMBER tfA:-3L1 s 

-a.m. 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 3/I sj%! 

-TIME YIELD 
(GPM1 

VISUAL TEMP 
(COLOR, ETC) (OC) 

PH 
..- 

CONDUCT. - TURBIDITY 
(MMHO) W-U 

DEVELOPMENT METHOD: &&,.ue~s; ble fdM? 



WELL NUMBER f-jr+ 23 5 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE:’ 3/14 hi 

.- 
TIME YIELD VISUAL TEMP PH CONDUCT. TURHIDITY 

WW (COLOR, ETC) (OC) (MMHO) (NTU) 

II I$ IO (z-;$y IL3 6.% 3190 Lkb~ 

Il 30 10 j’ 11.6 &W 320 I3Jz 

/Pi0 1(-J ” 11 c s 7. N 330 s2q 

//56 I(-) $;W CLOUDY liL 8 yx-B 335 3,32 

DEVELOPMENT METHOD: &~7R-4 -&A& f cI*T L 



WELL NUMBER j--b+23 7 - 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 3 / i 7 1 9 q - 

[ 

I 

I 

- TIME 
I 

YIELD 
(GPM) 

--I- 
-l-- 

VISUAL TEMP 
(COLOR, ETC) (OC) 

PH 

; 

CONDUCT. TURBIDIN 
(MMHO) (NW 

w-w jo,y 

370 10,s 

-t 

DEVELOPMENT METHOD: )Cfrns ; #-q f=lotu” 



WELL NUMBER +b+2’-t 5 

PA-- 

P.-=. 

- 

WELL DEVELOPMENT LOG 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 3izi /q “I 

DEVELOPMENT METHOD: 



WELL NUMBER I+-rd-2i-l I- 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 3 j 1 7 ICI q 

“TIME 

]7iO 

YIELD 

GPM) 

It $ 

1. 

I 

VISUAL 

I 

TEMP 
(COLOR, ETC) (OC) 

II 
I 6 II I 

PH 
I 

CONDUCT. 

I 

TURBIDIN 
(MMHO) W-W 

732. I490 I 

DEVELOPMENT METHOD: \ $&-,.~wsi b ie PL'tq 



WELL NUMBER kQ- 2ss 

WELL DEVELOPMENT LOG ’ 

SITE: NAWC WARMINSTER, PENNSYLVANIA DATE: 31 zipi Lf 

DEVELOPMENT METHOD: f&w 



- 

WELL NUMBER l-h- 25s - 

WELL DEVELOPMENT LOG ’ 

SITE: NAwc WARMINSTER, PENNSYLVANIA DATE: 3 / 2 i / 9 “r’ 

- 

-TIME YIELD 

W-4 

VISUAL 
(COLOR, ETC) 

Me.DI L)M 

TEMP 

ec, 
PH CONDUCT. 

I 

TURBIDITY 
(MMHO) (NW 

3T5- jzm 

DEVELOPMENT METHOD: 

Jc 
1 

ocsT-r&&k r-D’-.. 



APPENDIX D 

SAMPLE LOG SHEETS 



A=H-AIJIBURTON N~S SAMPLE LOG SHEET 

l\a7 Environmenud Corporation 
paqe -,i 

(- Monctonng Well Dhta 
-- 

Case t 

EV 

Project Site Name Project Site Number /Y( ,A 
NUS Source No. iv’- = -/,,;L Source Locatron T&p $&J,L,k 

, 

T&al Well Deotn: /t’//iL Puree Oata 
Volume I OH I S.C. !Temo. PC)1 Color & Turcilaltv 

Total Amounr Puroea (aa1.l.h ,A 

Nlon;~;‘R,e,aamg: /tc &&,&& 

Purse Methoa: /c/I. 

Sarncle Methoa: ~,//f 

Demn Samoted: w/y 

Stgnaturets): 

Type of Samore 

5 Grab - Composxe 

I I ! I 
\ I I I I 

I I ‘\I 
I I 

Samole Oata 
-A., 

OH 1 S.C. I Temo. (OC) I COlOr 81 l’urblaln 

I I I 

Observations I Notes: 

Organtc I -:norganrcv 

I 

I A8 * Dote SilIQOea Time Shtooea 



- ~=~IB~ON NUS SAMPLE LOG SHEET 

w Environmental Corporation 
page 3i -- 
Case 4 

Total Well Deptn: /ty-? 

Well Casmg Size 8 De’pth* 
/c/G 

Static Water Level: “A;// 

One Casmo Volume: A+ 

Stan Puree (hn.1: hi’/‘4 

End Puroe (hn.1: .A?//? _ 
Total Puroe Time (min.)’ fi/? 

Total Amount PurOeO (aal.)./% ,‘+ 

,klon;y;6R;aamg: /tt’ /;‘/;‘/;‘/;‘/;‘/;‘/;&A- 
I . 

Purge Methoa: /t,/$? 

Samole Method: &/fi 

Oentn Samoled: wif 

Type of Samoie 

Concentratton 

!i Grab - Composite 

Puree Data 

Volume I DH 1 S.C. 1 Temo. (WI Color & Turbldttv 

\ I I 
! I I 

I 
I /t I 
I I 
I f-Fy$ 

I 
I I 
I I ‘\ I 
I I 

I \ 
. 

-1 

Samote Oata 
OH I S.C. I Temo. (OC) i Color & TufbiOw 

I I 

Zbservatlons / Notes: 

L 
I 

Traffic Rcoon * ! 

Orqrntc 

Tag 0 



-A=~IB~(-JN NUS SAMPLE LOG SHEET 
w Environmental Corporazion 

Page ;! 
z Monltonng Well.Data 

-- 

g~;,:stugJ,~l~ta Case # 

BV 

ProleflSite Name /c-“/+lkL I~7~m~rkb~ Project Site Number 

NUS Source No. $J- * -q Source Locatron 

Total Well Deotn: h’//f 

Well Casrng Size 8 WPT; , 

Static Water Level: ‘;CfI 

One Casmo Volume: A.+ 

Starr Puree (hn.1: /TN .//C 

End Puree (hrr.1: 5?&2 
Total P.uroe Time (mm 1” fi 4 

Totai Amount Puroeo (gal ).bhA 

oMon~tor Reaamg: w &&c;U- 
fy7Lm 

Puree Methoa: /c/n 

Samole Method: n//p 

Oeotn Samoled: 6+ 

Puree Oata 
Volume 1 DH 1 S.C. f Temo. CT11 Color & Turblartv 

I I I 
\ 1 i I 

Slgnature\s): 

Type of Samole 

mow Concentration 

E Grab -Composite 

Analvsts: 1 ?reservattve 

I&/ Lf “c 

‘\ 
Samole Data 

\ 

OH 1 S.C. I Term. (OCI i Color & Turblaltv 

I I 
Observarwns / Notes: 



~&~IBU~M(ON NUS SAMPLE LOG SHEET 
w Environmentui Corporation mMomtonng Well Data 

0 Domestrc Well Data 
0 Other 

Page 1 of , 

Case 3 

BY 

Project Site Name n)~ U/C /L/0 ,M,e ~r’~~ Project Site Number ,+,, L 

NUS Source No. w- ,.+d - ,J& _ 2 9 Source Location D fi- 2 p 

‘otal Well Depth: I/# 5- 

h/e11 Casing Size & Depth: 4 “C&5/? 

itatic Water Level: F,3 

lne Casinq Volume: 4.05 

ItaR Purge (hn.1: IR3U 

tnd Purge (hrs.): I 2 3 i- 

‘otal Purae Time (mm.): 05 
‘otal Amount Purged laal.): 5’ 

nonnor Readmg: IL/D HX/L~ ,-uk~y 

ri 5e44 414~ L/,/ad 

‘uroe Method: +‘Q~P,,~,As s,Q~Y~;~/I,,. 
dmole Method: ~“.dwktis~~dDbir/c/ 

)eDtn Samoled : 

ample Date & Time: 

y/s-/+4 //I 7 

ampled By: 

E//C h/Y53 

Type of Sample 

m Low Concentration 
q High Concentration 
m Grab 
Cl Comubsite 
a Grab -Composite 

I 

I 

Purqe Data 

Volume 1 pH 1 S.C. 1Temo. (‘Cl( 
I I 

Color & Turbidity 

Sample Data 
DH I S.C. Temo. (OCl Color & Turbldltv 

559 360 8,.5-“L 
&Ji.fCK ur&S 

L/Cd~ 

Observations / Notes: 

1 
Organrc I :._norgantc _ 

Traffic Rcoort * I 

Tag rr 



~=~IBURJQN NUS SAMPLE LOG SHEET 

w Environmental Corporation B Momtormg Well Data 
0 Domertlc Well Data 
0 Other 

Page 1 of I 

Case # 

BY 

Project Site Name AJA Al L tin f.ulf~3f~ F Project Site Number ,s/,7 

NUSSourceNo. ~Q-M~/ - 06-l L Source Location DL-zz 

‘otat Well Depth: , I 

Nell Casmg Size & Depth: J”.cos/~~ 

;tatlc Water Level: I * 
3ne Casinq Volume: #Y4.95- 
;tan Purqe (hrs.): 10 27 
ind Purqe (hts.1: IO 24 

iota1 Purse Time (mtn.): 6 
‘otal Amount Purqed (pal.): 90 

ulonfror Reading: fi u H&O ~ck&+ 

tGOL/L 6e?fk-~/@U~d 

‘urae Method: k” .~,.&,,.,,,g~ A,,,.,~ 
;amoie Method: &‘-r,&,,//,s UL 1 

learn Samaled: 

iampie Date & Time: 

q/5-/4 Q e 403 

iampled 8y: 
E//L HrJss 

- 
Type of Sampie 

a Low Concentration 
a High Concenttatlon 

I9 
Grab 
ComDoslte 

a Grab - Composite 

I 

Purqe Oata 

Volume 1 pH S.C. 1 Temo. (‘Cl Color 8 Turbtditv 

\I 

Sample Data 

DH S.C. Teme. (OC) Color & Turbrditv 

8,08 L/ 20 /O/ 2 “L- L/f &/ no ‘7C/O/ 

Observations I Notes: 

I 0rgan:c I - :norgoncc 

~ Traffic Aeoort * I 



-g=wIBm()N NUS SAMPLE LOG SHEET 

-Environmental COVOr~*on QdMon,torrng WeI1 Oau 
‘G 0 omestrc Well Data 
Cl Other 

R Project Site Name ~yfbvc- (w&e-w& Project Site Number /y/ & 

NUS Source No. Lu -/tlti* ,!?c /‘.‘? Source Location DG/s-- 

Total Well Death: Purae Data 

Volume I- oH 1 S.C. ITemo. PCll Color & Turbldw 
\ ‘i I .I I 

Staw Water Level: 7,>‘-’ 

One Casina Volume: .22.6 rj4 / 

Start Purae (hn.1: //3b’ 
End Purqe (hrs.1: I/ 41 
Total Purae Time (mm .I: 5 

(7’ 
Total Amaunr PUraPJ (aal.): 2/, 7 

Reatiin :/1/13 w K&f? 

B , e&iyr-d 

Purse Method: %&M. timp. 

Samcie Method: 55 f%l/& 

Deotn Samoled: 

/OS--- 

-a - 

Samore Oata 
OH 1 S.C. 1 Temo. (OCI ! Color & Turbldirv 

473 / 5-l-o 1 /-0. / 

Observatrons / Notes: 

Type oi Sample 

lzf Low Concentratron 
igh Concenlratron 

?age -of ~1. 
I 

Case # 

BV 
I 

a Comoostte 
G Grab - Composrte 

Analvsts: 1 Preservatrve 

. 

I 
I 

Traffic Reoorc * i 

Orqantc :norgantc 



-m Domestic Well Data 
a Other 

Case t 

BY 

Project Site Name ~@c- w+vb- Project Site Number /yj & 

NUS Source No. W-ML1/- 6+$-L Source Location s!z -- 

Total Well Deatn: ?U. 5 ’ 

Well Caring Size$o/y~Jt.~/ 

Static Water Level: 7-; 3 ’ - 
One Casing Volume: 2, / 5q / 
Stan Purge (hn.1: /n3& - I. i 
End Purae (hrs.1: /O”/& 
Total Purse Time (mm .I : 0 
Total Amount Puraea (aal.): 7 

Purse Metnoa: 

Samcte Metnod: 55 &/clr 

Deorn h-noted: 

Type oi Samoie 

I% Low Concenfratw2n 
@ High Concentration 
m- Grab 
c] Comooslte 
a Grab - Comporlte 

Analws: I ?reservarive 

I/w r*e 

I 

i 

Puree Data 

Volume 1 OH 1 5.C. 1 Temo. PC)I Color & Turblditv 

Samole Data 
OH 1 5.C. 1 Temo. (OC) ! Color & Turbidlrv 

Observations / Notes: 

I Organrc I morgrnrc 

Traffic 3e00n rt i ) .- - 

Tag * 

i I 



- i%WALLIBURTON NUS 
w Environmental Corporation 

SAMPLE LOG SHEET 
aMonltorrng Well Data 
c7 Domestic Well Data 
q Other 

PC* Project Site Name &A ,wc ~d&,/rt,rl-r /IF Project Site Number ,Q, t 

NUS Source No. U/ -M,,+I- I)& - Y Source Location D ,+ _ u 

Total Well Depth: i3,7 Purqe Data 

Well Casmg Size & Depth: J”D,,-+ Voiume 1 PH S.C. 1 Temo. FYI I Color & Turbldtty 

“-1 I 

Staw Water Level: 
\ 

// 6 -.. 

One Casinq Volume: I4 4Y ‘-I I 

Stan Purge (hn.1: 
\ 

tan 3 \ I I 

End Purae (hrs.): IOdJD 
“1, I 

Total Purge Time (mm.): 3 .4c.. 1 c 
Total Amount Puraed (gal.)* 2;s 

\. \ \. 

Monnor Reading: tic H&O O&P% "h 
‘. 

a Lo U’C E&L, ~94 I 
Purse Method: z”~F~~~~~~~~~J~J~G,. / I ..I 

Samole Method: I%-/~,,/&&&, I I ‘\ 

Depth Sampled: ‘.. _ 

Sample Date &Time: Sample Data 

Y/S/TY dcF5.5 ~t-i 1 S.C. 
I 

Temo. (OC) Color & Turblditv 

Sampied By: 
tF-/IC t/Gss B#/7 3rd 

Observations / Notes: 

Type of Sample 

m Low Concentration 
‘a High Concentration 

I? 
Grab 
Composite 

q Grab - Composte 

Analysis: 
I//? A 

1 Preservative I 
I 
I Organx I :norgamc 

I-+,, YOL I Traffic Rcoon * I I ,- 



-A=wIBm()N NUS SAMPLE LOG SHEET 

w ERvironMenhd Coloration . ~MonltorlRg Well Dam 
ci Damestrc Well Data 
a Other 

-, 

Project Site Name A+%=- hwrtnsb Project Site Number / Y/ gL 

NUS Source No. bV- flu- &?&Hq Source Location &-g-- 

Total Well Oentn: w- 6 

Well Casing Size & De/p\?: 

Static Water Level: / 7. 3 , ,. 
One Casing Volume: 49, zf-7 
Start Purse (hrs.): 1037 &Y/ /l/g 

1 Monitor Reaamg;/W &I+ flea&v5 

(Oeotn Samoled: 

ix- LOW COnCWlTratJdfl 

Concenffafton 

a Comooslte 
0 Grab - Compostte 

Puke Data 

Votume I DH / S.C. 1 Temo. (TII Color & Turblaitv 
I/&Q41 m?. I /y 2 

I //, ml 29-D I /%‘3 

I 

I 

I I I I 
I I I I 
I I I I 
I t I I 
I I I I 

Samule Oata 

OH I S.C. I Temo. l°Cl I Color & Turbtdw 

/F/O 1 /P7 ( 

Observatrons / Notes: 

I 
I 0rgan1c I :norqanrc 

Traffic Rcoorr rt ! I - 

A8#/’ 

Dow Shfooco 
Time Sh!ooed 

LdO 

Volume 



G Domestic Well Data 

a Other 

Case # 

BY 

Project Site Name /v/fmc- hQrr,IflSb Project Site Number / y/ 3 

NUS Source NO. h-fiw-/LirW> >ource Location /zIQ/- / 

Total Well Deptn: @9,6 PuraeData 

Well Casmg Size & De 
r 

9; 
5/k./. 

Volume I D/i I S.C. I Tema. PC11 Cotor & Turalaitv 

13-30.1 /.3/y I 
Static Water Level: I!. ;7- I-WC I /scJ I 

One Casino Volume: 103. 7L;d Ig&7l 13. Y I 

Stan Purse (hrs.1: 6%23’ I I2-7gI /5$- I 

End Purse (hrs.): m/c - I 

Tbtal Purse Time Imrn.): [O I / 

Total Amount Puraea (aal.): s?/ 1 I I 

riimk& ;335 I 

“/ I I I I 

turae Metnod: &b I 

Samoie Method: 5s I 

Oemh Samaled: 

Sat-n92~4 Time: ,* ~~~ Samole Oata 
at-i I S.C. I Temo. [OCI I Cator & Turbrdtrv 

GLOW Concentration 

0 Grab - Campowe 

Analvsrr: I 2rerervative 1 Orgamc I :oorgrnrc 

I Iii 7°C Traffic Reoort 3 ) I -- 

,/545A& If%+& Y? Tag I 

,Frtl&f& f+Lc/s rsn/t7, y-2 

A6 W/’ 1 I3/,5-773 7;f”/ 1/3~z??wtr/ 
Dare Shrooea I r’/l;t/gs/ 

I Time Shtooeo I /3w 
LdO 

VowmC 
I 



R 

G DomestIc Well Data 
G Other 

SHEET 
?age / oi / -- 

Data 
Case # 

BV , 

Project Site Name A&+42 llw2owb Project Site Number / y/ 3 

NUS Source No. I/v 7 flu-m f?y.? Source Location &V3y5 

Total Well DeDtn: Purae Data 

v~eil Casmg Size 8 Depth* II 
(g f 

Volume 1 DH 1 S.C. 1 Temn. P’C)I Color & Tunlditv 

lc I I 3&z-l /3: SL I 

Stauc Water Level: 14 4 i 

One Casing Volume: is. ‘3,,#,! 

IT&2I~$,s- I 
l-q~1/9’ 5’ I 

Stan Purse (hn.): ppf/ ’ I I 

End Purge (hrr.1: mm . 
Total Putae Time (mm.): /q,/J I I 

Total Amount Pursed (aal ): “I& I I 

rll.w& l435 I I , 

“/ I I I ? / 
Pvrae Method:~&.+&& &nlp 

Samcie Method: 5s &t/& I I I I 
Deotn Samoled: 

Samole Oata 

Qw.s ! S.C. I I 

SamLied BY: L%bf OH 1 37c! 1 lig"/" Pc1 1 

Color & Turiztdrtv 

Signature(s): Observations / Notes: 

Type of Samole 

WLow Concentration 
Concenrrauon 

a Grab - Composne 

1 Preservative I 
I 
I Orqantc :norqrmc 

I hw y’“c ( Traffic Re00n 3 I I 

7 Y% , Tag a 

Yr 

A6 W/* 

Oatc Sh~ooco 
I Time Shooea 

Lao 

I Volume 

I 



PI ~=~IB~ON NUT SAMPLE LOG SHEET 

w Environmenral Co~orartion mMonltor,ng We/l Data 

‘Ii 0 omesttc Well Data 
0 Other 

Page i 3i / 

Case # 

BY 

- Project Site Name /lnwc- l57%-*Is& Project Site Number /y/ ,& 

NUS Source No. &-M~t/-nL/1/? 72 Source Location ,+Q 3Z 

Total Well Depth: !3y#.Y Purae Oata 

lNell Castng Size & Depth: 

Yfvcl- 

Volume I DH 1 S.C. 1 Temo. (Yll Color 8% TurBlUtKv 

I 7;0- I ;?;vO. I // 3 i 

Statrc Water Level: (3.0* I qzq I a@ I //. 7 I 
One Casino Votume: 32 “/ 6~%1 f I *7&f I 3yo I :‘!Y I 
Starr Purae (hn.1: / -/ t I - 
End Purae (hrs.1: ,,% I 
Total Purae Time (mfn.): 27 / I I 

Total Amount Puraed (aal.)* /‘fi 1 I I 
Mon~torReadin :hQ @fG+y 

&x lGL7-J 

I i I 

I I 1 
Puree Method: f%ef?& I i I 

Samcie Method: 55 & -I c / 1 I I I ! 
Deotn Samoied: I 

me: ,,5KQ 

Sahpied gy: 0 - ,hl. 

Samole Data 
OH I S.C. I Temo. (OC) 1 Cotor & TurhtatKv 

Signature(s): lob servarlons /Notes: 

,- 

Izf Low Concenfraflon 
E High Concentration 

Ff 
Grab 
COmDOSlte 

G Grab - Composite 

Analws: 
I /#A 

I 2reservatrve I 
I 
I Orqanrc I morqantc _ 

I lfc/ I 



83 

ilpl 

- 

6-M 

p”3 

- 

mv~~d~~B~()N NUS SAMPLE LOG SHEET 
w Environmend CWJOr~o* @ MonItorrng Well Oata 

‘[? Oomertrc Well Data 
a Other 

We 1 / oi -- 

Case # 

8V 
I 

Project Site Name DfiC I/l/cs,rmr5& Project Site Number /y/ > 

NUSSourceNo. w-/tfw- fi9q? )c Source Location 

7 

\ 

-0tal Well Oeotn: Y, i ’ I Puroe Oata 

Nell Casrng Size & Depth: Volume 1 OH 1 S.C. tierno. Kll 
3 ‘/We 

Color & Turblow 

jtatrc Water Level: L‘i ’ 
3ne Casing Volume: fir% 

icart Puree (hrs.1: m25 I 1 I 

Ind Purse Ihtt.1: f23 / I 
rota1 Puroe Time (mrn.1: Y i I 
rotai Amaunr Pursed (aal.): 5 1 I I 

I i 
I I I 

broe Methoo: rif I I 

;amcie Method: 5(_ k*,/fl 1 
3eoln Samoled: 

Samore Data 

OH ’ I S.C. I Temo. (OCI I Color PI Turbtanv 
I 

jampied Hi: 

Signature(s): ObservarIons / Notes: 

Type oi Samoie 

EC Low Cancentratlon 
.(&High Cancenrratlon 

Grab 
ac 0rmos~fe 
G Grab - Composrte 

Analws: 

1 

I 2reservarive 
I OrganK I :norgdnrc 

Traffic 3coorr # j I 

Tag c 



w 

-g=mIBm()N NUS SAMPLE LOG SHEET 

w Envir0nmenm-l CWJOr~On 

Page 
' / 

Oi 
P_ 

@Monlrorlng WeI1 Oau 

‘5 Oomesttc Well Data Case d 

a Other 
0V , 

Projecr Site Name /f&WC- lpth-ls& Project Site Number /y/ & 

NUS Source No. Lir-/tlti- &x% (; Source Location r/N 2B5’ 

1 

\ 

-oral Well Oeotn: &CL’ I Purqe Data 

Nell Casmg Size & Depth: Voiume 1 OH 1 S.C. 1 Temo. (‘Cl1 Color & Turblaiw 
y “fQi5- i 

jtatrc Water Levei: 

>ne Casino Volume: io. 6 t,a/ 

St’art Purse (hn.1: /!fJg & /qL/o 
Znd Purae(hn.1: I??‘/ i- i?Y/ _’ I \bf, I 

rota1 Puroe Time (mrn.1: 4 r?Kzw C- 

rotal Amount Pureed (aal.): / 3 f ! I 
-I 

! 
I .j I 

I I 

‘uroe Method: L, -, v~m/p 1 I 1 

;amcie Metnod: ~~ ~cT,/E& I I 

3eoln Samoied: ‘\ 
Samofe Oata 

Color & Turblolw 

Sampleo By: 

S,gna_tureis): ? 

H Low Concentration 
E High Concenrratlon 
m Grab 
@ Camposlte 
a Grab -Composite 

1 ObservaTrons / Notes: 



-$=~IB~ON NUS SAMPLE LOG SHEET %? En~i~on~en~ Corpor~on - dMonrtortng Well Dau 
A 

pa 

R 

,- 

E Domestic Well Data 
Q Other 

?age / ai, I 

Case d 

BV , 

Project Site Name &4wc- ~Q-r~~~S~ Project Site Number 

NUS Source No. &-flu - /4Crua 7 s Source Location 

, 
Total Well Deotn: 3-s Purse Data 

Well Casing Size & De th: 
$y7Ac 

, Volume I pH 1 S.C. / Temn. F’CII Color & Turbditv 

I .I 
+ 

Static Water Level: /,I* % 

One Casing Volume: f, .7G4 I 

Stan Puke (hn.):l%q’a. bra6 

End Puroe (hrr.): (fp$5f g?c4 - 

Total Purse Time (mm.): L 
Total Amount Puraed (aal.): /$ I 

rllrn& LyJ5 I 

7 I I ‘\ 

Puree Metnoti: c~drtrk3r66 %&$ I .I 
Samcle Method: 52 /%t/& 1 I .. \ 

Demn Samaled: 
Samote Data f%YP + OH I S.C. I Temo. l°Cl 1 Color & Turbloltv 

Sam$ed/By: (& fl 
* ?JG§+*;q / T5$54?%d; 

Ohservatlons / Notes: 

IJ TLype of Sample 

BLOW Cancenfratlon 
C ‘gh Cancenfratfon 

ti Grab 
!J Comooslte 
G Grab - Campowe 

Analvsrs: 
I 

1 
I? reservatlve I I Or9an1c :norgan1c 



~=~IBURJQN NUS SAMPLE LOG SHEET 

%? Environmn~ Co~~rdon . GgiMon,tor,ng Well oata 
G Oomestlc Well Oata 
a Other 

Page / of / P -- 

Case d 

Project Site Name m,lfwc- Ll&.rlnl-s& Project Site Number. / ‘f/ 2 
/ 

NUS Source No. bv-M~-~-+@% 5 Source Location 

iota1 Well Oeotn: YLLJ 

Nell Casing Size & Oepth: 

jtatlc Water Level: < 
3ne Casino Volume: 5x+ ’ 
Start Putoe (hrs.1: /a+ OL 

End Puroe (hrs.1: /3/ q 
Total Puree Time (mm.): 53 

- 
ToTal Amounr Puroea (aal.): I? 

Purcre Method: &t/M- 

Samoie Method: s k?u( e 
Deotn SamDied: 

Sampie& By:’ 

Signature(s); 

Type oi Sample 

ET Low Concentration 

r 

igh Concentration 
Grab 
Composite 

a Grab -Composite 

Analysts: lp reservawe 

Puroe Oata 

Volume 1 DH 1 S.C. ~Temo.PVI Color & iurbrditv 
I I3301 /4.2 I 

I ! I I 
I I I 

Samole Oata 
oti I S.C. I Temo. (OC) I Color & Turbrartv 

I FyQ 4.L l5-%4+ ad; 
/ 

Observarlons / Notes: 

i Orqanx I :norqrrUc 
Traffic Reoon 1: I I 

Tag # 



w.&=~IBuIEyI’()N NUS SAMPLE LOG SHEET 
Page i 

-Environmental cOFr~‘On 
Of / 

UMonltorrng Well oata 
-- 

‘G Oomestfc Well Oata Case # 

a Other 
EV 

Project Site Name /g/@vc- &b?-&-- Project Site Number /y/ > 

NUS Source No. bw-fl&-,,&~~ Source Location j+fi- ?SJ 

rotal Well Deotn: yfz/’ I Purqe Oata 

&eli Casmg Size & Depth: Volume I uH 1 S.C. 1 Temo. KII Cotor & Turbtaltv 

2 ” ,pvc- I .I I 

Statrc Water Level: 7 -0 ’ I 

3ne Casinq Volume: 0 @!a 

Start Puroe (hn.1: mea/ 
End Puroe (hrr.1: loo’7 I. 
Total Puroe Time (mm .I : 5 
Total Amcunr PufaeU (aat.): /..$ 1 I I ! \. 

‘A. 

I I 

2urae Metnoti: ~‘-.‘&&-w~ f Lfrn P I t 

Samcie Metnod: s(_ 6 -4 .Lr / f 
3eotn Samoled: 

Sam’pldd By: 
PM 

Stgnature(s): 

I 
Samole Data 

OH I S.C. I Temo. (OCI ! Color & Turhlaw 

$.og j 760 ) 474 / 

Observatsons / Notes: 

Type of Samole 

Low Concentfatlon 
pGig; Concentration 

ra 
a Comoosne 

Grab - Composite 

Analvslr: ( Preservative I ; Orqanrc 

1. 

I 
-43 I 7%4!93/77y7--- 

Y/!</SY 
I ‘/ iv.5 



,-$=wIBUR(r(‘)N NUS SAMPLE LOG SHEET 
?aqe 1 

w Envhnmen~ CoPr~On 
CL- 

@MonItorIn Well oata 
‘a Oomestlc Well Data Case # 

a Other 
RV 

Project Site Name /@&c-- ~-~5Ic;c Project Site Number /y/ ,& 

NUS Source No. ~-/t?Lt/-/&?,~L;fF Source Location /+d2-$fJ 

Purae Data 

I I 
I I 
I I I 
I I I I 
I I I I 
I I I I 

Samole Oata 

Color & Turbiaw 

Observarlons / Notes: 

Law Concentfafton 
High Concentration 

Crab - Compostte 

I 
I Organrc I :norgantc 

Traffic Rccort X I I 

Tag * 

I I 



i A=~~BuR’J’+()N NUS SAMPLE LOG SHEET 
w Envirtmm~ Coloration &Monltorrng Well .Dau 

Page of P _-, 

a DomestIc Well Data 
a Other 

case d 

BY 

Project Site Name /IrAt/& 1wTrrl w$& Project Site Number / y/.2-- 

NIJS Source No. d2/ 7?&/-/wa 3z Source Location /+Q 3 +Z 

‘otal Well Depth: l-- ‘$ 

veil Casmg Size & Depth: ,, Volume I pH I 5.C. ITemo. (WI Color & Turhlditv 

2 f6'C I ’ 

static Water Level: p f 7 c , 
he Casing Volume: / 7.6 L; 41 

-- 
,tart Purqe (hn.): /4S’f 
ind Purge thrs.1: / 5-2~7 

‘otal Purse Time (mtn.): 2 ‘i; 

‘otal Amount Puraed (aal.): i$r 

Ieotn Samoled: 

/ 330 

iampied By: 
Dw Signature(s): 

Type of Sample 

% 
Low Concentration 
High Concenfratlon 

EGrab 
Cl Composite 
[? Grab -Composite 

- 
/J. 3 I 

I I 

OH I 5.C. 

Sample Data 
Temo. (OCI Color & Turbrditv 

I Organic I :norganlc 

rraffic Rcoort * i I 

rag * 
I I 
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Case 3 

b _’ 

Project Site Name /1/Awe $4&w-w& Project Site Number /$!j & 

NUS Source No. Lu -/t7&- fldL7 35 Source Location /fng 3 5. 

Total Well Oeotn: ($3. a- Purse Oata 

Well Casmq Size 8 De Volume 1 OH 1 S.C. 1 Temo. POI Color & Turbrditv 

I 3.L$-I 33o.I /2.&F 1 

Scatrc Water Level: 6 s 4 I $73 I vo I /a. 3s I 

One Casino Volume: 7, / G-91 I I ~a I ?e-- I /a, 7n I 

Starr Puree /hn.): /me I I 

End Puree (hrs.): K/e- ! I I 

Total Purae Time (mtn.): I>- 1 I I 

Total Amount &.fraea ladI.): 9# I I 

eaatn :A# /vN”fQJyJ, 

/q , 

i I I 

hc7+v-J I I I 

Purae Methoo: ~~kG-5. 
/ 

6 tiatp. I 

Samote Method: ~~ B -4 zr / ’ I 
, 

Oeorn Samoted: 
Samote Oata 

Color & Turbidw 

Stqnarcrre(rl: Obrervatrons / Notes: 

Low Concentfaflon 
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CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

CL IENT ID: I 

1 ABO! I AT 01: Y I:: 

TAL AQUEOUS TOTAL METALS &g/L) 

ANALYTE 

N. LJMINLJM 
ANTIMONY 
ARSENIC 
BARIUM 
UEnYL.LIlJM 
CAIIMILJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEALI 
MAGNESILJM 
MANGANESE 
MERCURY 
NICKEL 
POTASSII hl 
SELENUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRIX 

200 
60.0 
10.0 
200 
5.0 
50 

5000 
10.0 
50 0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

W-MW-DG-24 
940X5-09 

W-MW-DG-2y W-MW-DG-4 Le-MW-DG-5 W-MW-DG-6 
940275-10 94@275-03 940275-04 94M?!i-05 

IDL 

33 0 171 453 366 
34.0 34.0 UL 34.0 UL 34.0 

30 3.0 u 30 u 3.2 
7.0 244 J 763 J 593 
10 1.0 u 1.0 u 1 .o 
3.0 3.0 u 3.2 K 3.3 
7.0 64900 J 30100 J 27000 
7.0 7.0 u 7.0 u 7.0 
4.0 4.0 UL 4.0 u 4.0 
6.0 6.0 U 9.6 7.7 
5.0 204 J 572 .I 35200 
1.0 1.0 u 1.0 u 3.2 

27.0 9500 J 10600 J 6620 
1.0 165 81 .o 1030 

0.10 0.14 u 0.13 u 0.13 
7.0 7.0 u 7.0 lJ 14.4 

10.0 971 J 677 J 1330 
40 4.0 UJ 4.0 1JJ 4.0 
50 5.0 UL 5.0 UL 5.0 

51 .o 11300 J 6690 J 10600 
4.0 4.0 UL 4.0 u 4.0 
30 3.0 u 3.0 u 6.6 
3.0 16.6 E 7.5 I.3 51 .o 

UL 

J . 

0 
J 
UJ 
UL 
J 
U 
El 
El 

999 
34.0 

3.2 
162 
1.0 
3.0 

60103 
8.0 
4.0 

14.4 
12500 

3.2 
12000 

1160 
0.13 

9.0 
1160 

4.0 
5.0 

14000 
4.0 
5.2 

19.9 

UL 

J 
U 
U 
J 
K 
UL 

J 

U 
E 
J 
UJ 
UL 
J 
UL 
El 
E 

-----__ - _-. --_-._--~ --_------ ---.- -- -.__. _. 

639 
34.0 UL 

30 u 
250 J 
1.0 u 
3.0 u 

56300 J 
7.0 u 
40 UL 
7.0 

17300 .I 
3.5 

6960 J 
547 

0.15 
101 B 

1230 J 
4.0 lJ.1 
5.0 UL 

10200 J 
4.0 u 
5.4 B 

225 J 

_ _ - - 
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CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

CLIENT ID: 
LABOHATORY ID. 

I 

TAL AQUEOUS TOTAL METALS (ug/L) 

ANALYTE CFIOL IDL 

R.UMINLJM 200 33.0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
BERYLLIUM 5.0 10 
CADMIUM 5.0 3.0 
C&ClUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
WON 100 5.0 
LEAD 3.0 1.0 
MAGNESIUM 5000 27.0 
MANGANESE 15.0 1.0 
MERCURY 0.20 0.10 
NICKEL 40.0 7.0 
POTASSIUM 5000 10.0 
SELENkJM 5.0 4.0 
SLVER 10.0 5.0 
SOolUM 5000 51.0 
THALLIUM 10.0 4.0 
VANADIUM 50.0 30 
ZINC 20.0 3.0 

1 
i i ! 

W-MW-HN-231 W-MW-HN-23S W-MW-HN-23Xv W-MW-HN-241 W-MW-HN-24S 
94a275-11 940275- 12 940275-l 3 840275-l 4 94M?!i-15 

UL 
104 

34.0 
3.2 

235 
1.0 
3.0 

25300 
7.0 
4.0 
6.0 

76.6 
1.0 

15600 
4.4 

0.13 
7.0 

1160 
4.0 
5.0 

6260 
4.0 
3.0 

30.2 

171 
34.0 UL 

3.0 u 
275 J 
1.0 u 
3.0 11 

263N J 
7.0 u 
4.0 u 

13.4 
155 B 
1.3 

7620 J 
13.6 
0.13 u 

7.0 u 
952 J 
4.0 UJ 
5.0 UL 

6350 J 
4.0 u 
30 u 

21.6 B 

11600 
34.0 UL 

3.5 
219 J 
1.1 
3.6 K 

36600 J 
13.4 Kb 
16.5 
16.0 

12500 ; J 
6.0 

19900 J 
651 

0.13 u 
19.0 8 

1420 J 
4.0 UJ 
5.0 UL 

12700 J 
4.0 u 

20.9 
56.9 El 

U 
UL 

J 
U 
u 
J 
u 
UL 
U 
El 
U 
J 
0 
U 
U 
J 
UJ 
UL 
J 
U 
U 
B 

33.0 
34.0 

5.2 
181 
1.0 
3.0 

35400 
7.0 
4.0 
6.0 

49.8 
1.0 

12100 
15.2 
0.13 

7.0 
1060 

4.0 
5.0 

~34200 
. 4.0 

3.0 
, 9.1 

J 
U 
U 
J 
U 
u 
U 
El 
U 
J 

U 
U 
J 
UJ 
UL 
J 
U 
U 
El 

136 
34.0 * UL 

4.1 
292 J 
1.0 u 
3.0 u 

48400 .I 
7.0 u 
40 UL 
6.0 U 
105 B 
1.0 u 

17900 J 
22.4 
0.13 u 

70 u 
1010 J 

40 IJJ 
5.0 UL 

13300 J 
4.0 UL 
30 u 

13.1 0 
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CT0 169. NAWC, WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AQUEOUS VOLATILE ORGANICS @g/L) , 

CLIENT ID: W-MW-BG-2 W-MW-BG-6 W-MW-DG-4 W-MW-DG-6 W-MW-DG-6’ 
LABORATORY ID: 940276-01 940276-02 940276 - 03 940276 - 04 940276 - 06 

A NALYTE CRQL MDL 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DlSULFlDE 
I .l -DICHLOROETHENE 
t ,I - DICHLOROETHANE 
CIS --I ,2--DICHLOROETHENE 
TRANS - I,2 -0ICHLOR OETHENE 
CHLOROFORM 
1.2--DICHLOROETHANE 
2 -BUTANONE 
I ,I .I - TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLORMETHANE 
1.2-DICHLOROPROPANE 
CIS-,I .3-DICHLOROPROP&NE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
I .I .2-TRICHLOROETHANE 
BENZENE 
TRANS-1.3-DICHLOROPROPENE 
BROMOFORM 
4-METHYL-2-PENTANONE 
2 -. HEXANONE 
TETRACHLOROETHENE 
1 ,I .2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE(TOTAL) 
I .2--DIBROMOETHANE 
t .3-DICHLOROBENZENE 
i .4 -DlCHLOROBENZENE 
i .2-DICHLOROBENZENE 
I ,2-DIBROMO-3-CHLOROPROPANE 

1.0 

I:X 

::i 
5.0 
1.0 
1.0 

::: 
1.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

l:X 

1:: 

::i 
5.0 
1.0 
1.0 
1.0 
t.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
2.0 
5.0 
1.0 
1.0 
1.0 
1.0 

1::: 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
2.0 u 2.0 u 
5.0 UR 5.0 UR 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
5.0 UR 5.0 UR 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
5.0 u 5.0 u 
5.0 u 5.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 

1.0 u 
1.0 u 
1.0 u 
1.0 u 
2.0 B 
5.0 UR 
1.0 u 
1.0 u , 
1.0 u 
1.0 u 
1.0 U’ 
1.0 U’ 
1.0 u 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 u 
5.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 lJ 

.I.0 u 
1.0 u 
1.0 u 

1.0 u 1.0 u 
1.0 u 1.0 u, 
1.0 u 1.0 u 
1.0 u 1.0 u 
2.0 u 2.0 u 
5.0 UR 17.0 L 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
5.0 UR 5.0 UR 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0’ u 1.0 u 

.I.0 u 1.0 u 
5.0 u 5.0 u 
5.0 u 5.0 u 
1.0 u 10 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 

DILUTION FACTOR: 

l Result taken from dilution analysis 

1.0 1.0 1.0 1.0 1.0 

Page 1 of a 



CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

CLIENT ID: 
iAtl0R~f0~Y ID: 

ANALYTE 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DlSULFlDE 
1 .l -DlCHLOROETHENE 
I .I -DlCHLOROETHANE 
CIS-1 ,P-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
l.P-DICHLOROETHANE 
2-BUTANONE 
I ,1 ,l -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLORMETHANE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE ’ 
DIBROMOCHLOR OMETHANE 
1 ,I .2-TRICHLOROETHANE 
BENZENE 
TRANS-I ,3-DICHLOROPROPENE 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
I ,I ,2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE(TOTAL) 
1.2-DIBROMOETHANE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,2-DICHLOROBENZENE 
1.2-DIBROMO-3-CHLOROPROPANE 

I 

CRQL 

1.0 

:.x 
1:o 
2.0 
5.0 
1.0 
1.0 

I:X 
1.0 

1:: 
5.0 
1.0 

iii 
.r:o 
1.0 

1.8 
1:o 

l:X 

:i 
5:o 
1.0 

3 

1:: 

1.: 
1:o 
1.0 

li 
1:o 

MDL 

W-MW-HN-24XW-MW-HN-26! W-MW -H?!-Bs~~-~~:A~-H:~-aa; Gt’-MLt’-jjN’-2jjs 

940276 - 16 940276 - 17 940276 - 18 940276 - 19 940276-20. 

1.0 u 
1.0 u 
1.0 u 
1.0 u 
2.0 B 

15.0 L 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 UR 
1.0 u 
1.0 u 

l-X i 
1:o u 
1.0 u 
1.0 u 
1.0 u 

IaX iI! 
1:o u 
5.0 u 
5.0 u 

16.0 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 B 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 u 
5.0 u 
2.0 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

K i 
1:o u 
1.0 u 
2.0 B 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u’ 
1.0 u 

5:0 I*: 1: UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 u 
5.0 u 

1.: :: 
1:o u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

i.8 t 
1:o u 
1.0 u 
2.0 B 

14.0 L 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 UR 
1.0 u 
1.0 u 

1.: 
1:o 

:: 
u 

1.0 u 
1.0 u 
1.0 u 

1.8 i 
io u 
5.0 u 
5.0 u 

i:“o i 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
IO II 
1!1 II 

1.0 u 
1.0 u 
1.0 u 
1.0 ’ u 
1.0 B 
6.0 L 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 u 
5.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u I 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

DILUTION FACTOR: 1.0 1.0 1.0 1.0 1.0 
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CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATtON 

CLIENT ID: 
LABORATORY ID: 

I 

A NALYTE CRQL MDL 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1.1 - DICHLOROETHENE 
1 ,I -DICHLOROETHANE 
CIS-l.P-DICHLOROETHENE 
TRANS-1.2-DICHLOROETHENE 
CHLOROFORM 
1,2-DICHLOROETHANE 
2 -BUTANONE 

’ 1 .l .l -TRlCHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLORMETHANE 
1.2-DICHLOROPROPANE 
CIS--1,3-DICHLOROPROPENE 
TRIG HLOROETHENE 
DIBROMOCHLOR OMETHAtbE 
1 .I .2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPENE 
BROMOFORM 
4-METHYL-2-PENTANONE 
2 -- HEXANONE 
TETRACHLOROETHENE 
1 ,1,2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE(TOTAL) 
1.2-DIBROMOETHANE 
1.3 -DICHLOROBENZENE 
1.4 -DICHLOROBENZENE 
1.2 -DICHLOROBENZENE 
1.2-DIBROMO-3--CHLOROPROPANE 

1.0 
1.0 
1.0 

::X 
5.0 
1.0 
1.0 
1.0 

I,: 
l:o 
1.0 
5.0 
1.0 

l:X 

1.: 
1:o 
1.0 
1.0 

if 
1:o 
5.0 
5.0 
1.0 
1.0 
1.0 

1:: 
1.0 
1.0 

1:: 
1.0 

1:: 

1.0 
1.0 
1.0 
1.0 
2.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1:: 
5.0 
1.0 

1:: 
1.0 
1.0 
1.0 
1.0 
1.0 

1,: 
1:o 
5.0 
5.0 
1.0 
1.0 

, 1.0 

1.: 
1:o 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

W-MW-HN-28X-W-MW-HN-291 W-MW-HN-29SWyMW-HN-29XW-MW-HN-34X 
940276-21 940276-22 940276-23 940276 - 24 940276-26 , 

1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 U’ 
1.0 B 2.0 u 2.0 B 2.0 u 2.0 u 

10.0 L 5.0 UR 10.0 L 15.0 L 5.0 UR 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u ’ 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u. 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u, 1.0 u 1.0 u 
5.0 UR 5.0 UR 5.0 UR 5.0 UR 5.0 UR 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u t.0 u 1.0 u 
1.0 u 1.0 u 1.0 u l-.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0, u 1.0 u 
5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 2.0 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0. u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 

DILUTION FACTOR: 1.0 1.0 1.0 1.0 1.0 
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.A 

CTO 169, NAWC. WARM~NSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

1 

CLIENT ID: 
LABORATORY ID: 

ANALYTE CRQL MDL 

CHLOROMETHANE 
BR OMOMETHANE 
VINYL CHLORIDE 
C HLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
I ,I - DICHLOROETHENE 
1 .t -DlCHLOROETHANE 
Cls -1.2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2 -BUTANONE 
I ,i ,l -TRICHLOtiOETHANE 
CARBON TETRACHLORIDE 
BROMODICHLORMETHANE 
1.2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPENE 
TRICHLOROETHENE ’ 
DIBROMOCHLOROMETHANE 
I ,I .2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPENE 
BROMOFORM 
4-METHYL-2-PENTANONE 
2 - HEXANONE 
TETRACHLOROETHENE 
1 ,I ,2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE(TOTAL) 
I .P--DIBROMOETHANE 
1.3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1.2-DICHLOROBENZENE 
1.2-DIBROMO-3-CHLOROPROPANE 

1.0 
1.0 
1.0 
1.0 
2.0 
5.0 
1.0 
1.0 
1.0 
1.0 

‘I.:: 
1:o 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.: 
1:o 
1.0 
1.0 

1.0 
1.0 
1.0 

::: 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 

’ 1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

W -FBCl W -FBC2 W-MW-BG6 WI-MW-DG14 W-MW-HN26l 
940286-01 940286-02 940286-03 940286 - 04 940286 -06 . 

1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 U 
2.0 u 2.0 u 2.0 u 2.0 u 2.0 u 
5.0 UR 10.0 L 5.0 UR 7.0 B 5.0 UR 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
3.0 1.0 u 1.0 u. 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u. 1.0 u 1.0 u 
5.0 UR 5.0 UR 5.0 UR 5.0 UR 5.0 UR 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
5.0 u 5.0 u 5.0 u 5.0 u 5.0 u 
1.0 u 1.0 u 1.0 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 3.0 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 2.0 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u. 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 1.0 u 1.0 u 

DILUTION FACTOR: 1.0 1.0 1.0 1.0 1.0 



I i 1 i 

CT0 159. NAWC, WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

CLIENT ID: 
LABORATORY ID: 

A NALYTE CRQL MDL 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1.1 -DICHLOROETHENE 
1 ,I -DICHLOROETHANE 
CIS -1,2-DICHLOROETHENE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
1 .I .l -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
BROMODICHLORMETHANE 
1.2-DICHLOROPROPANE 
CIS--1.3-DICHLOROPROPENE 
TRICHLOROETHENE ’ 
DIBROMOCHLOR OMETHANE 
I ,1,2-TRICHLOROETHANE 
BENZENE 
TRANS-1.3-DICHLOROPROPENE 
BROMOFORM 
4-METHYL-2-PENTANONE 
2 -HEXANONE 
TETRACHLOROETHENE 
1 ,1,2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENE(TOTAL) 
1.2-DIBROMOETHANE 
1.3-DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
1,2-DICHLOROBENZENE 
t .2-DIBROMO-a--CHLOROPROPANE 

1.0 
1.0 

II.: 
2:o 
5.0 
1.0 
1.0 
1.0 
1.0 

1.: 
1:o 
5.0 
1.0 
1.0 
1.0 
1.0 

li 
1:o 
1.0 
1.0 
1.0 
1.0 
5.0 
5.0 
1.0 
1.0 

1:: 

1.x 
1:o 
1.0 
1.0 
1.0 
1.0 
1.0 

10 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
2.0 2.0 u 
5.0 5.0 UR 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
5.0 5.0 UR 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
5.0 5.0 u 
5.0 5.0 u 
1.0 2.0 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 
1.0 1.0 u 

W-MW-MW2 W-RB12 W-TB-12 
940286 - 11 940286- 12 940286 - 13 

1.0 u 
1.0 u 
1.0 u 
1.0 u 
2.0 u 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 u 
5.0 u 
1.0 u 
1.0 u 
2.0 
1.0 u 
1.0 u 
1.0 u 

i:: u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

1.0 u 
1.0 u 
1.0 u 
1.0 u 
2.0 u 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u ’ 
1.0 u 
1.0 u 
1.0 u 
5.0 UR 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
5.0 u 
5.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

DILUTIONFACTOR: 1.0 1.0 1.0 



i ,’ 

CT0 169, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AQUEOLJS SEMI-VOLATILE ORGANICS (us/L) 

CLIENT ID: W-MW-HN-28XW-MW-HN-291 W-MW-HN-29SiV-MW-HN-29XW-MW-HN-34X 
LABORATORY ID: 940276 -21 940276 - 22 940276 - 23 940276 - 24 940276 - 26 

ANALYTE 

2.4-DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2.4 -DINITROTOLUENE 
DIETHYL PHTHALATE 
4-CHLOROPHENYL-PHENYL ETHER 
FLUORENE 
4 -NITROANILlNE 
4.6-DINITRO-2-METHYLPHENOL 
N- NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYL ETHER 
HEXACHLOROBENZENE 
PENTACHLOR OPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-n-BUTYLPHTHALATE 
FLUORANTHENE I 
CARBAZOLE 
PYRENE 
BUTYLBENZYLPHTHALATE 
3,3’-DICHLOROBENZIDINE 
BENZO(a)ANTHRACENE 
CHRYSENE 
8tS(2-ETHYLHEXYL)PHTHAtATE 
DI -n - OCTYLPHTHALATE 
BENtO(b)FLUORANTHENE 
BENtO(k)FLUORANTHENE 
BENZO(a)PYRENE 
ItJDENO(l,2.3-cd)PYRENE 
DIBENZO(~.II)ANTHRACENE 
BENtO(g.h.l)PERYLENE 

CRQL 

;z 
IO 

Ii 

IX 
25 
25 
10 
10 

:: 
10 
10 

1: 
10 

1: 
10 

1x 
10 
IO 
10 

Ii0 

18 
10 
10 

MDL 

2.5 
2.5 

1 
1 
1 

; 
2.5 
2.5 

1 
1 
1 

2.5 
1 
1 

1 
1 

1 
1 

1 

1 
1 
1 

1 
1 
1 

25 U 25 u 
25 u 25 U 
IO u IO u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
IO u IO u 
25 UJ 25 UJ 
25 U 25 U 
10 u 10 u 
10 u 10 u 
10 u 10 u 
25 U 25 U 
IO u 10 u 
IO u IO u 
10 u 10 u 
10 u 10 u 
10 u IO u 
10 u IO u 
IO u 10 u 
10 u to u 
10 u 10 u 
10 u 10 u 

lf Bu 1: “u 
10 u 10 u 
IO u 10 u 
IO u IO u 
IO u 10 u 
10 u 10 u 
10 u 10 u 

25 U 25 U 
25 U 25 U 
IO u IO u 
10 u 10 u 
10 u 10 u 
IO U 10 u 
IO u 10 u 
25 UJ 25 UJ 
25 U 25 U 
10’ u 10 u 
IO’ u 10 u 
10 u 10 u 
25 U 25 U 
10 u 10 u 
IO u IO u 
10 u 10 u 
10 u 10 u 
IO u 10 u 
1ou * IO u 
IOU . 10 u 
10 u IO u 
IO u 10 u 
10 u 

, 
10 u 

1: Bu 130 Bu 
1ou 10 u 
IO u IO u 
10 u 10 u 
10 u IO u 
10 u 10 u 
10 u 10 u 

25. u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 UJ 
25 U 
10 u 
10 u 
10 u 
25 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 U 
10 u 
18 6 
10 u 
10 U 
10 u 
10 u 
10 u 
10 U 
10 u 

___- --- .._-. 
DILUTION FACTOR: 1.0 1 s-d 1.0 1.0 1.0 
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CT0 169, NAWC. WAR’iiNSTER. PENNSYLVANIA 
CEIMIC CORPORATlON 

TCI. AQUEOUS SEMI-VOLATILE ORGANICS (ug/L) 

CLIENT ID: I 

LABORATORY ID: 

ANALYTE 

PHENOL 
BlS(2-CHLOROETHYL)ETHER 
2-CHLOROPHENOL 
1.3-DICHLOROBENZENE 
1.4 -tXHLOROBENZENE 
1.2-DICHLOAOBENZENE 
2-METHYLPHENOL 
2.2’-OXYBIS(1 -CHLOROPROPANE) 
4 -METHYLPHENOL 
N-NITROSO-DI-n-PROPYLAMINE 
HEXACHLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2.-NITROPHENOL 
2.4-DIMETHYLPHENOL 
BlS(2--CHLOROETHOXY)METHANE 
2,4 -DICHLOROPHENOL 
I ,2.4-TRICHLOROBENZENE 
NAPHTHALENE ’ 
4-CHLOROANILINE 
HEXACHLOROBUTADIENE 
4-CHLORO-3-METHYLPHENOL 
2 - METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIENE 
2.4.6-TRICHLOROPHENOL 
2.4.6 - TRICHLOROPHENOL 
2-CHLORONAPHTHALENE 
2-NITROANILINE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2.6 - DINITAOTOLUENE 
3 -NlTROANlLlNE 
ACENAPHTHENE 

CRQL MDL 

10 1 

100 1 

10 
1: 

1 

IO : 

1: 1 

1: 1 1 

1: I 
10 1 
10 1 

1: 1 

1: 1 
18 1 

10 I 
1: 1 

10 1 
25 2.5 
10 1 
25 2.5 
IO 1 

10 10 1 
25 2.5 
IO 1 

W-RB-11 
940276 - 26 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 u 
10 u 
25 u 
10 u 
10 u 
10 u 
25 u 
IO u 



CT0 169, NAWC. WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AQUEOUS SEMI-VOLATILE ORGANIdS (ug/L) 

CLIENT ID: 
LABORATORY ID: 

W-MW-HN-281 W-MW-HN-28s 
940276 - I 9 940276 - 20 

ANALYTE 

2.4-DINITROPHENOL 
4 -NlTROPHENOL 
DIBENZOFURAN 
2.4 -0INITROTOLUENE 
DIETHYL PHTHALATE 
4-CHLOROPHENYL-PHENYL ETHER 
FLUORENE 
4 -NlTROANILINE 
4.6-DINITRO-2-METHYLPHENOL 
N- NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYl, ETHER 
HEXACHLOROBENZENE 
PENTACHLOR OPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI--n-BUTYLPHTHALATE 
FLUORANTHENE 
CARBAZOLE’ ’ 
PYR ENE 
BUTYLBENZYLPHTHALATE 
3.3’-DICHLOROBENZIDINE 
BENZO(n)ANTHRACENE 
CHRYSENE 
BIS(P-ETHYLHEXYL)PHTHALATE 
DI-n-OCTYLPHTHALATE 
BENZO(b)FLUORANTHENE 
BENtO(k)FLUORANTHENE 
BENZO(a)PYRENE 
INDENO(1,2,3-cd)PYRENE 
DIBENtO(a,h)ANTHRACENE 
BENZO(g,h,l)PERYLENE 

MDL 

2.5 
2.5 

1 
1 

I 
1 

2.5 
2.5 

1 

2.: 
1 
1 

1 

1 
1 

1 

t 

1 

1 

1 
1 

25 U 25 U 
25 U 25 U 
10 u 10 u 
10 u 10 u 
10 u IO u 
IO u 10 u 
IO u 10 u 
25 UJ 25 UJ 
25 U 25 U 
10 u 10 u 
IO u 10 u 
IO u 10 u 
25 U 25 U 
10 u IO u 
10 u IO u 

.I0 u 1 J 
IO u 10 u 
IO u 10 u 
IO u 10 u 
10 u 10 u 
IO u IO u 

.I0 u 10 u 
10 u 10 u 
IO u IO u 
IO u 10 u 
10 u 10 u 
10 u 10 u 
10 u IO u 

‘IO u IO u 
IO u 10 u 
IO u 10 u 

w---m 

DILUTION FACTOR: 1.0 1.0 

a 



CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AQUEOUS SEMI-VOLATILE ORGANICS (ug/L) 
I 

CLIENT ID: W-MW-HN-281 W-MW-HN-28s 
LABORATORY ID: 940276 - 19 940275-20 

ANALYTE CRQL MDL 

PHENOL 
BIS(2-CHLOROETHYL)ETHER 
2-CHLOROPHENOL 
1.3-DICHLOROBENZENE 
I ,4-DICHLOROBENZENE 
1 .a-DICHLOROBENZENE 
2 -METHYLPHENOL 
2.2’-OXYBIS(1 --CHLOROPROPANE) 
4 -METHYLPHENOL 
N-NITROSO-DI-n-PROPYLAMINE 
HEXAC HLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2.-NITROPHENOL 
2.4-DIMETHYLPHENOL 
BlS(2-CHLOROETHOXY)METHANE 
2.4 -0ICHLOROPHENOL 
1.2.4-TRICHLOROBENZENE 
NAPHTHALENE 
4-CHLOROANILINE ’ 
HEXAC HLOROBUTADIENE 
4 -CHLORO-3-METHYLPHENOL 
2 -METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIENE 
2.4.6-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2 -CHLORONAPHTHALENE 
2-NITROANILINE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2.6-DINITROTOLUENE 
3 -NITROANILINE 
ACENAPHTHENE 

10 1 

IX t 
1: 1 

10 1 

10 10 f 

10 10 1 
1: 1 

1: 1 1 
10 1 
10 1 
Ii 1 

10 1 
10 1 
10 1 

10 
Ii 

1 
1 

10 1 
25 2.5 
:i 2.5 1 

1oi 1 
10 1 
:i 2.5 1 

10 1 

10 u 
10. u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 

10 u 
10 u 
1-o u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 



CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AClUEOlJS SEMI-VOLATILE ORGANI& (ug/L) 

CLIENT ID: W-MW-DG-16 W-MW-DG-28 W-MW-HN-23lW-MW-HN-23SW-MW-HN-23X 
LABORATORY ID: 940276 - 07 940276 - 10 940276 - 11 940276 - 12 940276 - 13 

ANALYTE CRQL 

2.4-DINITROPHENOL 
4 -NlfROPHENOL 2’: 
DIBENZOFURAN 10 
2.4 -DlNlTROTOLUENE 
DIETHYL PHTHALATE Ii 
4 -CHLOROPHENYL- PHENYL ETHER 10 
FLUORENE 
4 -NITROANlLlNE :i 
4.6-DINITRO-2-METHYLPHENOL 25 
N- NITROSODIPHENYLAMINE 
4 -BROMOPHENYL-PHENY ETHER ii 
HEXACHLOROBENZENE 
PENTACHLOR OPHENOL :05 
PHENANTHRENE 10 
ANTHRACENE 
DI-n-BUTYLPHTHALATE 1x 
FLUORANTHENE 
CARBAZOLE 

, 10 

PYR ENE iii 
BUTYLBENZYLPHTHALATE 10 
3.3’-DICHLOROBENZIDINE 
BENZO(a)ANTHRACENE 1x 
CHRYSENE 
BIS(P-ETHYLHEXYL)PHTHALATE 1: 
DI- n-OCTYLPHTHALATE 10 
BENZO(l))FLUORANTHENE 
BENtO(k)FLUORANlHENE .1: 
BENZO(a)PYRENE 
INDENO(1,2.3-cd)PYRENE 1: 
DIBENZO(a.h)ANTHRACENE 10 
BENZO(g,h.l)PERYLENE 10 

MDL 

2.5 
2.5 

1 
1 

I 

2.: 
2.5 

1 

1 
2.5 

1 

‘I 

1 
1 

1 
1 

1 
1 
1 

1 
I 
1 
1 

25 u 25 U 
25 u 25 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
25 UL 25 U 
25 U 25 U 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
25 U 25 U 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 

1 B 1 B 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 
10 UL 10 u 

25 U 
25 u 
10 u 
10 u 
10 U 
10 u 
10 II 
25 U 
25 U 
10. u 
10’ u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

1: : 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

25 U 
25 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 u 
10 u 
10 u 
10 u 
10 u 
10 u 

) 10 u 
10 u , 
IO u 
10 u 

‘10 u 

15 E 
. 10 u 

10 u 
10 u 
10 u 
10 u 
10 u 

25. U 
25 U 
10 u 
10 u 
10 u 
to u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
io u 
10 u 
10 u 
10 u 

1 B 
10 UJ 
10 UJ 
10 UJ 
IO UJ 
10 UJ 
10 UJ 
10 UJ 

-------- ---- -_I_ 
DILUTION FACTOR: 1.0 1.0 1.0 1.0 1.0 



CT0 169, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AQUEOUS SEMI-VOLATILE ORGANICS (yg/L) 

CLIENT ID: 
LABORATORY ID: 

ANALYTE 

PHENOL 
BlS(2-CHLOROETHYL)ETHER 
2-CHLOROPHENOL 
1.3-DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
1.2-DICHLOROBENZENE 
2 -METHYLPHENOL 
2.2’-OXYBIS(l -CHLOROPROPANE) 
4 -METHYLPHENOL 
N-NITROSO-DI-II-PROPYLAMINE 
HEXACHLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2.-NITROPHENOL 
2.4-DIMETHYIPHENOL 
BIS(2--CHLOROETHOXY-)METHANE 
2,4-DICHLOROPHENOL 
1.2.4-TRICHLOROBENZENE 
NAPHTHALENE I 
4 -CHLOROANILINE 
HEXAC HLOROBUTADIENE 
4-CHLORO-3-METHYLPHENOL 
2 -METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIENE 
2.4.6-TRICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2 -CHLORONAPtiTHALENE 
2 - NITROANILINE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2.6-DINITROTOLUENE 
3 -NlTROANlLlNE 
ACENAPHTHENE 

CRQL MDL 

1: I 
1: 1 

10 1 

10 
1: 

1 
1 

\8 1 

10 ; 

1: 1 
10 1 

Ii 1 
10 1 

I 1 

10 10 1 
1: 1 

10 : 
:i 2.5 1 

10 1 
25 2.5 

K 1 1 
10 1 
25 2.5 
10 1 

W-MW-DG-16 W-MW-DG-26 W-MW-HN-231 W-MW-HN-23SW-MW-HN--23X 
940276-07 940276 - 10 940276-11 940275-12 940276-13 

10 u 
10 UL 
10 u 
10 UL 
10 UL 
10 UL 
10 u 
10 UL 
10 u 
10 UL 
10 UL 
10 UL 
10 UL 
10 u 
10 u 
10 UL 
10 u 
10 UL 
10 UL 
10 UL 
10 UL 
10 u 
10 UL 
10 UL 
10 u 
25 U 
10 UL 
25 UL 
10 UL 
10 UL 
10 UL 
25 UL 
10 UL. 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

'10 u 
.I0 u 
10 u 
10 u 
10 u 
25 U 
10 u 

,25 U 
10 u 
10 u 
10 u 
25 U 
10 u 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 U' 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 



CT0 169. NAWC, WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AQUEOUS SEMI-VOLATILE ORGANkS (ug/L) 

CLIENT ID: 
LABORATORY ID: 

ANALYTE 

2.4-DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2.4 -DINlTROTOLUENE 
DIETHYL PHTHALATE 
4-CHLOROPHENYL- PHENYL ETHER 
FLUORENE 
4-NITROANILINE 
4.6-DINITRO-2-METHYLPHENOL 
N- NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYL ETHER 
HEXACHLOROBENZENE 
PENTACHLOR OPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-n-BUTYLPHTHALATE 
FLUORANTHENE , 
CARBAZOLE 
PYRENE 
BUTYLBENZYLPHTHALATE 
3.3’-DICHLOROBENZIDINE 
BENZO(a)ANTHRACENE 
CHRYSENE 
BlS(2-ETHYLHEXYL)PHTHiLATE 
DI- II-OCMPHTHALATE 
BENZO(b)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(a)PYRENE 
ItJDENO(1,2.3-cd)PYRENE 
DIBENtO(aJ~)ANTHRACENE 
BENZO(g.h.l)PERYLENE 

CRQL 

E 

tx 
10 

1: 
25 
25 

1: 

:05 
10 
10 

1x 
10 
10 

1: 
10 

1x 
10 

t: 

1: 
10 
10 

W-MW-HN-241 W-MW-HN-24SW-MW-HN-24XW-MW-HN-261 W-MW-HN-26s 
940276 - 14 

MDL 

2.5 25 u 
2.5 25 U 

1 10 u 

1 10 10 u u 

1 10 10 u u 
2.5 25 UJ 
2.5 25 U 

1 10 10 u u 

2.: 25 10 u U 
1 10 u 
1 10 u 

1 10 10 u u 

1 10 10 u u 

1 10 10 u u 

1 10 10 u u 
1 1 B 
I 10 u 
1 10 u 

1 10 10 u u 

1 10 10 u u 
1 10 u 

DILUTION FACTORY-’ - 1.0 
- 

940276 - 16 940276 - 16 940276 - 17 940276 - 18 

25 U 25 U 25 u 25. u 
25 U 25 u 25 U 25 U 
10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 
10 u 

1: ;: 
10 u 10 u 

10 u 10 u 10 u 
10 u 10 u, 10 u 10 u 
25 UJ 25 UJ 25 U 25 U 
25 U 25 U 25 U 25 U 
10 u 10’ u 10 u 10 u 
10 u 10’ u 10 u 10 u 
10 u 10 u 10 u 10 u 
25 U 25 U 25 U 25 U 
10 u 10 u 10 u 10 U 
10 u 10 u 10 u 10 u 
10 u 10 u 2 J 2 J 
10 u 10 u 10 u 10 u 
10 u 

IX i” 
10 UJ 10 U 

10 u . 10 u 10 u 
10 u 10 u 10 u 10 u 
10 u 10 u 10 UJ 10 u 
10 u 10 u 10 u 10 U 
10 u 10 u ‘10 u 10 u 

2 B 10 u 
10 u 1: :: 1% :: 10 u 
10 u 10 u 10 u 10 u 
10 U IO u 10 u 10 U 
10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 
10 u 10 u 10 u 10 u 

_---- 
1.0 1.0 1.0 1.0 
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CT0 169. NAWC, WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATlON 

TCL AQUEOUS SEMI-VOLATILE ORGANICS (ug/L) 

CLIENT ID: W -FBCl W -FBC2 W-MW-HN26l 
LABORATORY ID: 940286-01 940206 - 02 940286-06 

ANALYTE CRQL MDL 

PHENOL 
BlS(2-CHLOROETHYL)ETHER 
2-CHLOROPHENOL 
1 .a--DICHLOROBENZENE 
1.4 -DICHLOROBENtENE 
1.2-DICHLOROBENZENE 
2-METHYLPHENOL 
2.2’-OXYBIS(1 -CHLOROPROPANE) 
4 -METHYLPHENOL 
N-NITROSO-DI-n-PROPYLAMINE 
HEXACHLOROETHANE 
NITROBENZENE 
ISOPHORONE 
z--NITROPHENOL 
2.4 -- DIMETHYLPHENOL 
BlS(z--CHLOROETHOXY)METHANE 
2.4-DICHLOROPHENOL 
1.2,4-TRICHLOROBENZENE 
NAPHTHALENE 
4-CHLOROANILINE ’ 
HEXACHLOROBUTADIENE 
4-CHLORO-3-METHYLPHENOL 
2-METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIENE 
2,4.6-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2-CHLORONAPHTHALENE 
2 - NITROANILINE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2.6-DINITROTOLUENE 
3 -NlTROANlLlNE 
ACENAPHTHE NE 

1 

: 
1 
1 

1 

t 

1 

1 

1 
1 

1 
1 
1 

1 
1 

1 
2.5 

1 
2.5 

1 

I 
2.5 

1 

‘1x i 
IO u 
IO u 
IO u 
IO .u 
IO u 
IO u 
IO u 
IO u 
IO u 
10 u 
IO U 
to U 
IO u 
IO u 
IO u 
IO u 
IO u 
IO u 
IO u 
IO U 
IO u 
IO u 
IO u 
25 U 
IO u 
25 U 
10 u 
IO u 
IO u 
25 U 
10 u 

IO u IO u IO u IO u 
IO u IO u IO u 10 UL 
IO u IO u IO u IO u 
IO u IO u 10 u IO IjL 
IO u IO u IO u IO UL 
IO u IO u IO u IO UL 
10 u IO u IO u IO u 
IO u 10 u IO u IO UL 
IO u IO u IO u IO u 
IO u IO u IO u 10 UL 
IO u IO u IO u IO UL 
IO u IO 0 IO u 10 UL 
IO u IO U IO u 10 UL 
IO u IO u IO u to u 
10 u IO u IO u IO u 
IO u IO u IO u IO UL 
IO u IO u IO u IO u 
IO u IO u IO u IO UL 
10 u IO u 10 u IO UL 
IO u IO u IO u IO UL 
IO U IO u .10 u IO UL 
10 u IO u .lO U IO u 
10 u IO u 10 u IO UL 
IO u 10 u IO u IO UL 
IO U IO u 10 u 10 u 
25 U 25 u 25 U 25 U 
IO u 10 u IO u IO UL 
25 U 25 U ,25 U 25 UL 
10 u IO u IO u IO UL 
10 u 10 u IO u IO UL 
IO u IO u IO u 10 UL 
25 U 25 U 25 u 25 UL 
IO u IO u IO u IO UL 

I 

WY-MW-HN26S W-MW-HN27l 
940286-06 940206-07 . 
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CT0 169. NAWC. WARMi’NSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TCI. AQUEOUS SEMI -VOLAlILE ORGANICS @y/L) 

CLIENT ID: 
LABORATORY ID: 

I 

ANALYTE CRQL MDL 

PHENOL 
B&(2-CHLOROETHYlJETHER 
2-CHLOROPHENOL 
1.3-DICHLOROBENZENE 
1.4 -DICHLOROBENZENE 
1.2-DICHLOROBENZENE 
2 -METHYLPHENOL 
2.2’-OXYBIS(1 -CHLOROPROPANE) 
4 -METHYLPHENOL 
N-NITROSO-DI-n-PROPYLAMINE 
HEXACHLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2 -NIlROPHENOL 
2.4 -DlMETHYLPHENOL 
BIS(2-CHLOROETHOXY)METHANE 
2.4 -DICHLOROPHENOL 
1.2.4-TRICHLOROBENZENE 
NAPHTHALENE 
4 -CHLOROANILINE 
HEXACHLOROBUTADIEN; 
4 -CHLORO-3-METHYLPHENOL 
2-METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIENE 
2.4.6-TRICHLOROPHENOL 
2.4.5-TRICHLOROPHENOL 
2 -CHLORONAPHTHALENE 
2-NITROANILINE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2.6- DINITROTOLUENE 
3 -NITROANILINE 
ACENAPHTHENE 

10 

1: 
IO 
10 
10 
10 

1: 
10 

ii 
10 
10 
10 
10 

IO0 
10 
10 

1: 

1x 

:: 
10 
25 
10 
10 
10 
25 
10 

1 
1 

1 

1 
1 

1 
1 

If 

t 

1 
1 

! 
1 
1 
1 
1 
1 
1 

2.5 
1 

2.5 
1 

I 

1 
2.5 

1 

W -MW -HN27S W-MW-HN34S W-RI312 
940286 -08 940286-09 940286 - 12 

10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u IO u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 ,u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u IO u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
25 u 25 U 
10 u 10 u 
25 U 25 U 
10 u 10 u 
IO u 10 u 
10 u 10 u 
25 U 25 U 
10 u 10 u 

t 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u ‘ 
10 o u 

1x i: 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
10 u 
25 u 
10 u 
10 u 
10 u 
25 U 
10 u 



CT0 159. NAWC, WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

CLIENT ID: I 
LABORATORY ID: 

ANALYTE CRQL MDL 

alpha -6 HC 
bela-BHC 
delta-BHC 
gamma-BHC (LINDANE) 
HEPTACHLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFAN I 
DIELDRIN 
4,4’-DDE 
ENDRIN 
ENDOSULFAN II 
4.4’-DDD 
ENDOSULFAN SULFATE ’ 
4,4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha-C HLORDANE 
gamma-CHLORDANE , 
TOXAPHENE 
AROCLOR-1016 
AROCLOR - 1221 
AROCLOR - t 232 
AROCLOR - 1242 
AROCLOR - 1248 
AROCLOR - 1254 
AROCLOR - 1260 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 

I:X 
1.0 

0 010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

0.10 
0.020 
0.020 
0.010 
0.010 

1.67 
0.33 
0.67 
0.33 
0.33 
0.33 
0.33 
0.33 

W-MW-HN27S W-MW-HN34S W-RB12 
940285 - 08 94028s - 09 540285 -t 2 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 

Ii 
1:o 
1.0 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1 .o 

I:X 
1.0 
1.0 

ii:. 

i:: 
UL 

2 
UL 

it 
UL 

it 
UL 
UL 
UL 

it 
UL 

Et 
UL 

2 
UL 
UL 
UL 
UL 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 

818 
0:io 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.;. 

l:o 
1.0 
1.0 

DILUTION FACTOR: 1.0 1.0 1.0 



1 : 

CT0 159, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATtON 

CL.IENT ID: 
LABORATORY ID: 

ANALYTE 

alpha -6 HC 
bet:l-BHC 
della-BHC 
gamma -BHC (LINDANE) 
HEPTACHLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFAN I 
DtELDRlN 
4.4’-DDE 
ENDRtN 
ENDOSULFAN II 
4.4’-DDD 
ENDOSULFAN SULFATE 
4.4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha-c HLORDANE 
gamma-CHLORDANE 
TOXAPHENE 
AROCLOR-lo16 
AROCLOR-1221 
AROCLOR - 1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR - 1254 
AROCLOR-1260 

t 

CRQL 

0 050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

MDL 

0.010 
0.010 
0.010 
0.010 
0.010 
0 010 
0.010 
0.010 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

0.10 
0.020 
0.020 
0.010 
0.010 

1.67 
0.33 
0.67 
0.33 
0.33 
0.33 
0.33 
0.33 

W -FBCl 
940286-01 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

W -FBC2 
940285-02 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 

xz :: 
0:10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

W -MW -HN261 W eMW -HN26S W -MW -HN271 
940285 - 05 940286 -06 940285 - 07 , 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL ’ 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
I’.0 UL 
2.0 UL 
1.0 UL 

l:X’ Ek’ 
1.0 UL 
1.0 UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0050 UL 
0.050 UL 
0050 UL 
0.050 UL 

0.10 UL 
010 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
10 UL 
2.0 UL 
1.0 UL 
1.0 -UL 
1.0 UL 
1.0 UL 
10 UL 

- ._.------ -- 
DtLUTlON FACTOR: I 1.0 1.0 1.0 1.0 1.0 



CT0 159, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORA-RON 

TCL AQUEOUS PESTICtDES/PCB’s (ug/L) 1 

CLtENT ID: 
LABORATORY ID: 

ANALYTE 

alpha-B HC 
bela-BHC 
delta-BHC 
garrltna-BHC (LINDANE) 
HEPTAC HLOR 
ALDAtN 
HEPTACHLOR EPOXtDE 
ENDOSULFAN I 
DIELDRIN 
4.4’-DDE 
E NDRIN 
ENDOSULFAN II 
4.4’-DDD 
ENDOSULFAN SULFATE 
4.4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE , 
alpha -C HLORDANE 
galma - CHLORDANE 
TOXAPHENE 
AROCLOR-1016 
AROCHLOR-1221 

AROCLOR- 1232 AROCLOR - 1242 
AROCLOR-1248 
AROCLOR - 1264 
AROCLOR - 1260 

CRQL 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 

1:: 

1.8 
1:il 

B F ! F F i 

MDL 

0.010 
0.010 
0010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

0.10 
0.020 
0.020 
0.010 
0.010 

1.67 
0.33 
0.67 
0.33 
0.33 
0.33 
0.33 
0.33 

W-MW-HN-241 W-MW-HN-24SW-MW-HN-24XW-MW-HN-281 W-MW-HN”28S 
940276 - 14 940276 - 16 940276 - 16 940275 - 19 940275 - 20 

0.050 
0.050 
0.050 
‘0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 

1.8 
1:o 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

i”L 
E:: 
UL 
UL 
UL 
UL 
UL 

E- 
UL 
UL 
UL 

Ek 
UL 

2 
UL 

2 
UL 

z:: 
UL 
UL 
UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL, 

0.10 UL 
0.10 UL 
0.10 ‘UL 
0.10 ‘UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 
. 5.0 u 

1.0 u 

::x i 
1.0 u 
1.0 u 

.l.O u 
1.0 u 

0.050 UL 
0.050 .UL 
0050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0 050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.24 J 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0 050 UL 

5.0 UL 
10 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

DILUTION FACTOR: 1.0 1.0 1.0 1.0 --- 1.0 



CT0 1.59, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATlON 

TCI. AQUEOUS PESTICIDES/PCB’s (II<J/L) 

CLIENT ID: 
LABORATORY ID: 

ANALYTE 

alpha -6 HC 
bela-BHC 
dells-BHC 
gamma-BHC (LINDANE) 
HEPTACHLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFANI 
DIELDRI N 
4.-t’--DDE 
ENDRIN 
ENDOSULFAN II 
4.4’--DDD 
ENDOSULFAN SULFATE 
4.4’-DDT 
METHOXYCHLOR 
E NDRIN KETONE 
ENDRIN ALDEHYDE t 
alpha --C HLORDANE 
gamma-CHLORDANE 
TOXAPHENE 
AROCLOR-1016 
AROCHLOR-1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR - 1254 
AROCLOR - 1260 

I 

CRQL MDL 

0.050 0 010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 

0.10 0.020 
0.10 0 020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.50 0.10 
0.10 0.020 
0.10 0.020 

0.050 0.010 
0.050 0.010 

5.0 1.67 

:.i 
0.33 
0 67 

1.0 0.33 
1.0 0.33 
1.0 0.33 
1.0 0.33 
1.0 0.33 

W-MW-DG-16 W-MW-DG--26 W-MW-HN-23lW-MW-HN-23SW-MW-HN-23X 
940276 - 07 940276 - IO 940276- 11 940276 - 12 940276 - 13 

0.050 
0.050 
0.050 
0.050 
0 050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 

1:: 
1.0 

i 
U 
U 
U 

: 
U 
U 

E 
U 
U 
U 

:: 

E 
U 
U 

E 

t 
U 
U 
U 
U 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 

1:: 

z 
U 
U 
U 

i 
U 
U 
U 

i 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0 050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10’ 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 
i.0 
1.0 

U 
U 
U 

:: 
U 

:: ’ 
U 
u 

i’ 
U 

: 

:: 
U 
U 
U 

i 
U 
U 
U 
U 
U 
U 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
O.O!ib 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

it 
UL 
UL 

it 
UL 
UL 

E’L 

:t 
UL 

z:: 
UL 
UL 
UL 
UL 
UL 

:!I 
@ UL 

UL 
UL 
UL 
UL 
UL 

0.050 UL 
0.050 UL’ 
0050 UL 
0 050 UL 
0.050 UL 
0 050 UL 
0 050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
010 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0050 UL 

5.0 UL 
10 UL 
20 UL 
1.0 UL 
10 UL 
1.0 UL 
10 UL 
1.0 UL 

-.-- 
DILUTION FACTOR: 1.0 1.0 1.0 1.0 1.0 



CT0 169. NAWC, WARMINSTER, PENNSYLVANIA 
CEIMIC COAPORATlON 

CLIENT ID: I 

LAiiORATOiW iD: 

A NALYTE CRQL MDL 

alpha -B HC 
bela-BHC 
delta-BHC 
gamma-BHC (LINDANE) 
HEPTAC HLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFAN I 
DIELDRIN 
4.4' -DDE 
ENDRIN 
ENDOSULFAN II 
4,4’-DDD 
ENDOSULFAN SULFATE . 
4.4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha -C HLORDANE 
gamma-CHLORDANE I 
TOXAPHENE 
AROCLOR-1016 
AROCLOR-1221 
AROCLOR-1232 
AROCLOR - 1242 
AROCLOR-1248 
AROCLOR - 1254 
AROCLOR - 1260 

0050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 

:i! 
l:o 

l:X 
1.0 
1.0 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

0.10 
0.020 
0.020 
0.010 
0.010 

1.67 
0.33 
0.67 
0.33 
0.33 
0.33 
0.33 
0.33 

W-RB-11 
9402X-26 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 

::: 

:*i.i 
1:o 

LX 

DILUTION FACTOR: 1 .o 



CT0 169, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORAllON 

I 
CLIENT ID: 
LABORATORY ID: 

ANALYTE CRQL 

alpha -B HC 
bela- BHC 
delta-BHC 
gamma-BHC (LINDANE) 
HEPTACHLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFAN I 
DIELDRIN 
4.4’-DDE 
E NDRIN 
ENDOSULFAN II 
4.4’-DDD 
E NDOSULFAN SULFATE 
4.4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha --CHLORDANE 
gamma - CHLORDANE , 
TOXAP HENE 
AROCLOR-lo16 
AROCLOR - 1221 
AROCLOR- 1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR - 1264 
AROCLOR- 1260 

0 050 
0050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 

‘18 
1.0 

MDL 

0 010 0.050 u 
0.010 0.050 u 
0.010 0.050 u 
0.010 0.050 p 
0.010 0.050 u 
0.010 0.050 u 
0.010 0.050 u 
0.010 0.050 u 
0.020 0.10 u 
0.020 0.10 u 
0.020 0.10 u 
0.020 0.10 u 
0.020 0.10 u 
0.020 0.10 u 
0.020 0.10 u 

0.10 0.50 u 
0.020 0.10 u 
0.020 0.10 u 
0.010 0.050 u 
0.010 0.050 u 

1.67 5.0 u 
0.33 1.0 u 
0.67 2.0 u 
0.33 1.0 u 
n33 1.0 u 
033 1.0 u 
0 33 1.0 u 
II 33 1.0 u 

W-MW-HN-28XW-MW-HN-291 W-MW-HN-29SW-fvJW-HN-2gXW-MW-HN-34X 
940276-21 940276-22 940276-23 940276-24 940276-25 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.d u 
1.0 u 
1.0 u 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL * 
0.10 UL 
0.10 UC 
0.10 UL 
0.10 ui 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
10 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
l!O UL 
2;o UL 
1.0 UL 
1.0, UL 
1.0 UL 
1.0 UL 
1.0 UL 

0.050 u 
0.050 u 
0050 u 
0.050 u * 
0050 u 
0.050 u 
0050 u 
0.050 u 

0.10 u 
010 u 
010 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
10 u 
2.0 u 
10 U 
10 u 
10 u 
10 u 
10 u 

_-_.-- .- 
--- DILUTION FACTOR: I 1.0 1.0 1.0 1.0 1.0 



.j: 

CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

(1 IENT IO. 
LABORATORY ID: 

ANALY-TE CRC& IDi 

Al 1JMlNlJM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYL L IUM 
CAI )MII JM 
CAI CIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEA0 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSllJM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANAI)IUM 
ZINC 

200 
60.0 
10.0 
200 
5.0 
50 

5000 
10.0 
50.0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 

33 0 
34.0 

3.0 
7.0 
1.0 
30 
70 
7.0 
4.0 
6.0 
5.0 
1 .o 

27.0 
10 

0.10 
70 

100 
40 
5.0 

51 0 
40 
3.0 
3.0 

W-MW-HN-2aX 
942275-21 

45.9 33.0 11 
47.3 L 34.0 UL 

3.0 u 3.5 K 
380 342 
1.0 11 1.0 IJ 
3.0 u 3.0 II 

33800 33500 
7.0 u 7.0 u 
4.0 u 4.0 u 
6.0 u 6.0 U 

293 276 
1.0 LJ 1.0 u 

13600 13500 
670 575 

0.13 u 0.13 u 
70 u 7.0 u 

836 796 
4.0 u 4.0 11 
5.0 u 5.0 u 

10600 10400 
4.0 u 5.1 
30 u 3.0 II 
3.0 u 3.0 u 

W-MW-t1N-TJI W-MW-HN-2% W-MW--tiN-29X 
942275-22 942275 -23 942275 - 24 

22s 
34.0 UL 

3.0 K 
218 
1.0 If 
3.0 u 

54500 
7.0 u 
4.0 u 
7.7 K 

206 B 
1.0 u 

15200 
87.6 
0.14 u 

34.0 UL 
6.6 K 

253 
1.1 
30 LJ 

435cO 
IS.5 
186 B 
79.2 

15400 
6.1 B 

33700 
1840 
0.13 u 

7.0 U 257 B l 70 u 

2000 2040 865 
4.0 u 4.0 LL 4.0 II- 
5.0 U 5.0 U 50 u 

22400 17400 8550 
4.0 U * 4.0 U 40 u 
3.0 U 21 7 30 LJ 

71.3 47.8 46 2 

W-MW-tIN-34X 
942275 - 25 

99 5 
34.0 UL 

5.4 K 
265 
1.0 11 
30 11 

27800 
7.0 u 
41 El 
7.6 K 

120 B 
2.1 B 

7570 
135 
0.13 u 



CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

Cl EN1 ID: 
LABOHATOHY ID 

TAL AQUEOUS TOTAL MEFALS @g/L) 

ANALYTE 

AI.lJMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BEAYL.LllJM 
CADMILJM 
CPLCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESKJM 
MANGANESE 
MERCURY 
NIMEL 
POTASSlllM 
SELENAIM 
SILVER 

I 

SODIUM 
THALLIUM 
VANADIUM 
ZINC 

, 

mm 

200 
60.0 
10.0 
200 
5.0 
5.0 

5000 
10.0 
500 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 
5000 
10.0 
50 0 
20.0 

IDL 

33.0 33.0 u 
34.0 34.0 Ln 

3.0 3.0 u 
7.0 40.0 J 
1.0 1.0 u 
3.0 3.0 u 
7.0 11900 J 
7.0 7.0 u 
40 4.0 u 
6.0 7.8 
5.0 5650 J 
1.0 1.0 u 

27.0 5130 J 
1 .o 451 

0.10 0.13 u 
7.0 10.3 B 

100 2360 J 
4.0 4.0 UJ 
5.0 5.0 UL 

51.0 5370 J 
4.0 4.0 u 
3.0 3.0 u 
3.0 10.3 El 

W-MW-BG-2 
94M?5-01 

W-MW-BG-6 
940X5-02 

7370 169 
34.0 UL 34.0 UL 

5.9 3.1 
114 J 329 J 
1.5 1.0 LJ 
3.8 K 3.0 u 

15200 J 67700 J 
7.0 u 7.0 ,LJ 
4.1 4.0 UL 

10.1 6.0 U 
3130 J 172 El 
11.9 1.0 u 

5450 J 10900 J 
09.9 1720 
0.17 0.14 u 

70 u 70 u 
1350 J 1220 J 

4.0 UJ 4.0 UJ 
5.0 UL 5.0 UL 

12700 J 12100 J 
4.0 u 4.0 UL 
4.5 El 30 u 

30.4 El 21.2, El 

W-MW-DG-1 5 W-MW-De-16 W-MW-DG-22 
940275-07 

383 
34.0 UL 

4.4 
442 J 
1.0 u 
3.0 u 

51700 J 
7.0 u 
4.0 Ill 
6.0 U 

590 J 
1.0 u 

16600 J 
20.2 
0.13 u 

9.1 H 
1760 J 

4.0 UJ 
5.0 UL 

8 10500 J 
4.0 UL 
3.0 u 

10.8 0 , 

940275-00 

79.2 
34.p UL 

3.0 u 
361 J 
1.0 u 
3.2 K 

507(x) J 
70 u 
4 0 IJL 
6.0 u 
125 B 
1.0 u 

12200 J 
106 

013 u 
70 II 

1590 J 
4.0 u.1 
5.0 UL 

10300 J 
40 UL 
30 II 

174 II 



CIO 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TAI. AQUEOUS TOTAL METALS (ug/L) 

ANALYlE 

N 1JMlNUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CAIIMIL JM 
CM CIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICXEL 
POTASSllJM 
SELENIUM 
SLVER 
,SODIIJM 
THALLIUM 
VANADIUM 
ZINC 

CRDC 

200 33.0 393 
60.0 34 0 34.0 UL 
10.0 30 7.1 
200 7.0 243 J 
5.0 10 1.0 u 
50 30 3.4 K 

5000 70 36400 J 
10.0 7.0 7.0 u 
50 0 4.0 4.0 u 
25.0 6.0 7.1 
100 50 513 J 
3.0 10 1.0 

5000 27.0 12400 J 
15.0 1 .o 28.8 
0.20 0.10 0.13 u 
40.0 70 7.0 u 

5000 100 1120 J 
5.0 4.0 4.0 UJ 

10.0 5.0 5.0 UL 
5000 51 0 35200 J 
10.0 4.0 4.0 u 
50 0 3.0 3.3 El 
20.0 3.0 27.8 0 

W-MW-HN-24X W-MW-I-IN-251 W-MW-HN-25S WYMW-HN-2881 W-MW-t-IN-205 
940275-16 94027% 17 940275-10 940275-19 940275 -20 . 

IDL 

877 
34.0 UL 

3.0 u 
234 J 
1.0 u 
4.3 K 

38700 J 
7.0 u 
4.0 u 

19.8 
1090 J 

8.7 
9980 J 

235 
0.20 
10.4 El 

1350 J 
4.0 UJ 
5.0 UL 

11700 J 
4.0 u 
3.0 u 

39.1 B 

6920 
34.0 

5.0 
554 
1.5 
4.4 

35900 
14.0 

4.0 
13.1 

3150 
10.9 

6820 
354 

0.22 
8.6 

1360 
4.0 
5.0 

259cu 
4.0 
4.5 

58.5 

UL 

J 

K 
J 
K 1 
U 

4 

J 

El 
J 
UJ 
UL 
J 
U 
0 
El 

60.2 2340 
34.0 UL 34.0 UL 

3.9 136 
351 J 198 J 
1.0 u 10 LJ 
3.0 u 30 1J 

35600 J 23200 J 
7.0 u 70 u 
40 u 40 u 
6.0 U 60 U 

576 J 1440 J 
1.0 u 3.1 

12900 J 10200 J 
719 46.0 

0.13 u 0.13 II 
7.0 u 70 u 

1070 J 1940 J 
4.0 UJ 4 0 LJJ 
50 UL 50 UL 

9810 J 24000 J 
.40 u 40 u 

30 Ll 48 0 
23.6 El 245 E 



i 1 

.i.’ 

CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPOR4TION 

Cl IENT ID: I 
LABOHATORY ID. 

TAL AQUEOUS TOTAL METALS @g/L) 

ANALYTE CRCL 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYL 1 I1 JM 
CAIIMIIJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESlUM 
MANGANESE 
MERCURY 
NICXEL 
POTASSllJM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

200 33.0 79.8 
00.0 34.0 41.0 B 
10.0 3.0 3.1 B 
200 7.0 28.3 
5.0 1.0 1.0 11 
5.0 3.0 3.0 u 

5000 7.0 16100 
10.0 7.0 11.0 0 
50.0 4.0 4.0 u 
25.0 8.0 395 
100 50 42.4 B 
3.0 1.0 1.7 L 

5000 27.0 6220 
15.0 1 .o 23.9 
0.20 0.10 0.13 u 
40.0 7.0 7.0 u 

5000 10.0 1780 
5.0 4.0 4.0 u 

10.0 5.0 5.0 Ln 
5000 51.0 112aJ 
10.0 4.0 4.0 u 
50.0 3.0 3.0 u 
20.0 3.0 60.0 

III 

W-FEiCl 
04cm35-01 

/ t 

W-FBC2 
040285-02 

368 
38.9 B 

3.0 u 
7.0 u 
1.0 II 
3.0 LJ 

578 
12.3 B 

4.0 u 
6.0 u 

333 
1.0 u 

1350 
' 2.0 B 

0.24 
7.0 lJ 

417 B 
4.0 u 
5.0 UL 
148 B 
4.0 u 
3.0 u 
3.0 

W-MW-EG5 y W-MW-DG14 
94m5-03 1 940285-04 

W-MW-HN26l 
940285-05 

121 
34.0 UJ 

3.0 u 
154 
1.0 u 
3.0 u 

15octl 
12.0 0, 

4.0 u 
8.5 
107 ' 
1.0 ' u 

4710 
66.2 
0.13 u 

7.0 u 
924 
4.0 u 
5.0 UL 

6530 
4.0 u : 
3.0 u 
9.8 

33.0 u 
34.0 UJ 

3.0 u 
101 
1.0 u 
3.0 u 

17200 
12.6 B 

4.0 u 
7.3 

45.7 0 
1.0 u 

4980 
2.6 B 

0.13 u 
7.0 u 

781 D 
4.0 u 
5.0 UL 

8560 
4.0 u 
3.0 u 

25.0 

131 
34.0 UJ 

3.0 ' u 
175 
1.0 11 
30 LJ 

21200 
7.0 u 
4.2 B 
60 u 

79.4 0 
1.0 II- 

12700 
6.2 B 

0.13 u 
7.0 Ll 

1130 
4.0 11 
5.0 UL 

11500 
4.0 u 
30 u 

182 



CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

‘J IENT ID 
CAOOftATOfiY III 

TAL AQUEOUS TOTAL METALS @g/L) 

ANALYTE 

Al. LJMlNlJM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMll JM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IHON 
LEAD 
MAGNESlllM 
MANQANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRW 

200 
60.0 
10.0 
200 
5.0 
5.0 

5000 
10.0 
50 0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 
5000 
10.0 
50 0 
20.0 

IM 

33 0 2100 189 63.9 
34.0 57.5 B 34.0 UJ 50.0 0 

30 3.0 u 3.0 u 3.0 u 
70 223 376 154 
1 .o 1.0 LJ 1.0 LJ 1.0 11 
3.0 3.0 u 3.0 u 3.0 u 
7.0 18500 31600 16600. 
7.0 7.5 B 7.0 u 13.2 El 
4.0 40 u 4.0 u 5.0 B 
6.0 10.4 6.0 U 7.7 
5.0 1770 236 68.8 El’ 
1.0 1.7 L 1.0 u 1.0 u 

27.0 6960 13300 7270 
1.0 266 85.2 14.7 

0.10 0.13 u 0.13 u 0.13 u 
70 70 u 70 II 7.0 II 

10.0 1150 1620 1680 
4.0 4.0 LJ 4.0 IJ 4.0 u 
50 5.0 ul 5.0 In 5.0 Ln 

51 .o 8330 10700 12100 
4.0 4.0 u 4.0 u 4.0 u 
3.0 3.1 3.0 u 3.0 u 
3.0 14.1 29.2 11.4 

W-MW-HN26S 
94(3285-00 

W-MW-HN27l W-MW-HN27S 
94a265-07 940265-m 

, 

W-MW-HN34S 
94&m-09 

200 
34.0 UJ 

3.0 u 
179 
1.0 1J 
3.0 Ll 

39900 
1 7.0 u 

5.0 El 
25.6 
337 
2.7 L 

14100 
26.1 
0.13 u 

7.0 LJ 
1200 

.4.0 u 
5.0 UL 

106K1 
.4.0 u 
30 u 

48.8 

W--MW-MWI 
940265- 10 

666 
34.0 UJ 

30 u 
211 
1.0 II 
3.0 II 

20100 
10.6 B 

61 B 
66 

1040 
1.0 LI 

5240 
140 

013 u 
70 II 

915 
40 II 
50 UL 

7650 
40 1J 
30 II 
04 

- --. ..- . - 
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CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

CLIENT ID: 
LABORATORY ID I 

TAL AQUEOUS TOTAL METALS (ug/L) 

ANALYTE CRCX IDC 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYlSllJM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IFjON 
LEAD 
MAGNEWM 
MANGANESE 
MERCURY 
NIcxEL 
POTACXilJM 
SELENIUM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

200 33.0 481 
60.0 34.0 34.0 UJ 
10.0 3.0 3.0 u 
200 7.0 213 
5.0 1 .o 1.0 u 
5.0 3.0 3.0 u 

5000 7.0 19900 
10.0 7.0 14.7 B 
50.0 4.0 4.0 u 
25.0 8.0 8.8 
100 5.0 864 
3.0 1 .o 1.0 u 

5000 27.0 5040 
15.0 1 .o 131 
0.20 0.10 0.13 u 
40.0 70 7.0 u 

5000 100 797 B 
5.0 4.0 4.0 u 

10.0 5.0 5.0 UL 
5000 51.0 7310 
10.0 4.0 4.0 u 
50.0 3.0 3.0 u 
20.0 3.0 9.0 

W-MW-Mw2 
94a295- 11 

W-FIB1 2 
940285- 12 

33.0 u 
84.1 J 

3.0 u 
7.0 u 
1.0 u 
3.0 u 

60.8 B 
7.0 u 
4.0 u 
8.0 U 

12.0 B 
1.0 u 

27.0 u 
1.1 0 

0.13 u 
7.0 u 
109 I3 
4.0 u 
5.0 UL 
134 B 
4.0 u 
3.0 u 
3.0 u 



CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

Cl.lENT ID: 
LABOfIATOf1Y ID 

I 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYFE CRrn im 

I’LLJMINUM 200 33 0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 70 
BERYL.LIlJM 5.0 1 .o 
CADMIUM 5.0 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
IRON 100 5.0 
LEAD 3.0 1 .o 
MAGNESkJM 5000 27.0 
MANQANESE 15.0 10 
MERCURY 0.20 0.10 
NICKEL 40.0 7.0 
POTASSILJM 5000 100 
SELENHJM 5.0 4.0 
SILVER 10.0 50 
SODIUM 5000 51 .o 
THALLIUM 10.0 4.0 
VANADIUM 50 0 3.0 
ZINC 20.0 3.0 

DW-MW-HN-2EX DW-MW-HN-291 DW-MW-HN-!&JS DW-MW-f-iN-29X DW-MW-IiN-34X 
943275-21 843275-22 843275-23 043275-24 843275-25 

33.0 
34.0 

3.0 
306 
1 .o 
3.0 

31900 
7.0 
4.0 
8.0 
183 
1.0 

12800 
545 

0.13 
7.0 

608 
4.0 
5.0 

9610 
4.0 
3.0 
3.0 

ZL 
U 

U 
U 

U 
U 
U 

U 

U 
U 

u 
U 

U 
U 
U 

33.0 
34.0 

3.0 
317 
1.0 
3.0 

32800 
7.0 
4.0 
8.0 
175 
1 .o 

13200 
583 

0.13 
70 

665 
4.0 
5.0 

10300 
4.0 
30 
3.0 

U 
UL 
U 

1J 
U 

U 
U 
U 

U 

U 
U 

11 
U 

U 
II 
LJ 

33.0 u 33.0 u 33.0 u 
34.0 UL 38.7 L 34.0 UL 

3.0 u 3.0 u 3.7 K 
141 107 242 
1.0 u 1.0 1J 1.0 II 
3.0 u 3.0 u 3.0 II 

51 loo 41900 26600 
7.0 u 7.0 u 7.0 u 
4.0 u 4.0 u 4.0 u 
8.0 lj 6.3 60 U 
5.0 u 26.6 50 II 
1.0 ti 1.0 u 10 II 

14200 28000 7610 
28.1 12.3 44 
0.14 u 0.13 u 0.13 u 

7.0 u 7.0 u 7.0 u 
1910 1360 655 

4.0 u 4.0 u 4.0 I1 
5.0 u 5.0 u 50 u 

212ocl 15200 8660 
4.0 u .4.0 u 4.0 u 
3.0 u 3.0 u 30 u 

44.4 0 15,4 EJ 7.8 El 



I t 

CT0 159 NAWC WARMINSTER, PENNSnVANlA 
CEIMIC CORPORATION 

CLIENT IO: 
1 

LABORATORY ID. 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE 

ALUMINUM 
ANTlMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESlUM 
MANGANESE 
MERCURY 
NKXEL 
POTASSIUM 
SELENkJM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRrn 

200 
60.0 
10.0 
200 
5.0 
5.0 

10.0 
50.0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 

im 

33.0 33.0 
34.0 34.0 

30 3.0 
70 7.0 
1 .o 1.0 
3.0 3.0 
7.0 122 
7.0 7.0 
40 4.0 
6.0 8.0 
5.0 5.0 
10 10.5 

27 0 27.0 
1 .o 1.2 

0.10 0.13 
70 70 

100 10.0 
40 4.0 
5.0 5.0 

51 .o 309 
4.0 4.0 
3.0 30 
3.0 9.3 

DW-FIB-11 
943275-26 

U 
UL 
U 
U 
U 
U 
El 
U 
U 
U 
U 

U 

U 
II 
U 
U 
U 
6 
U 
U 



.i.’ 

CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Cl IFNT ID: 
1 AUOfiATOf1Y IO 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYFE 

ALUMINUM 200 33 0 372 33.0 u 33.0 u 33.0 u 
ANTIMONY 60.0 34.0 34.0 UL 37.0 L 34.0 UL 34.0 UL 
ARSENIC 10.0 3.0 3.0 UL 3.0 UL 3.0 UJ 3.0 UJ 
BARIUM 200 7.0 47.8 45.7 301 452 
BERYLLIUM 5.0 1.0 1.0 u 1.0 u 1.0 u 1.0 u 
CADMILJM 5.0 3.0 3.0 u 3.0 u 3.0 u 3.0 u 
CALCIUM 5000 7.0 11500 J 9070 J 64000 J 53000 J 
CHROMIUM 10.0 7.0 7.0 u 7.0 u 7.0 u 7.0 u 
COBALT 50.0 4.0 4.0 u 4.0 u 4.1 B * 4.0 UL 
COPPER 25.0 6.0 7.1 K 8.0 U 8.0 U 8.0 U 
IRON 100 5.0 13700 5.0 u 17.7 . 5.0 u 
LEAD 3.0 1.0 1.7 .I 1.0 UJ 1.0 UJ 1.0 UJ 
MAGNESlUM 5000 27.0 5020 J 2790 J 10300 J 17200 J 
MANQANESE 15.0 1.0 452 27.4 1380 3.5 K 
MERCURY 0.20 0.10 0.13 u 0.33 0.13 u 0.13 u 
NKXEL 40.0 70 0.9 El 7.0 u 7.0 u 7.0 u 
PDTASSllJM 5000 10.0 2220 954 1030 1520 
SELENIUM 5.0 4.0 4.0 u 4.0 II 4.0 LJJ 4.0 UJ 
SLVER 10.0 5.0 5.0 LJL 5.0 UL 5.0 UL 5.0 UL 
SODIUM 5000 51.0 5380 13700 11400 10900 
THALLIUM 100 4.0 4.0 u 4.0 u 4.0 u '4.0 u 
VANADIUM 500 3.0 3.6 3.0 u 30 u '3.0 u 
ZINC 20.0 3.0 26.8 11.7 6.5 L 9.3 L 

I 

CRrn im 

DW-MW-BG-2 DW-MW-BG--6 DW-MW-DG-15 DW-MW-DG-16 DW-MW-DG-22 
941275-01 941275-02 941275-06 949275-07 941275-06 

33.0 u 
45.9 L 

3.0 tiJ 
371 K 
1.0 u 
3.0 11. 

494cxl J 
7.0 u 
40 UL 
60 U 
5.0 LJ 
1.0 UJ 

12000 J 
27.6 K 
0.13 u 

70 11 
1510 

40 UJ 
5.0 UL 

10300 
4.0 u 
30 u 
30 u 



CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPOFiATION 

Q IENT ID 
LAUOf1ATOI1Y IO 

I 

TAL AQUEOUS DISSOLVED METALS &g/L) 

ANALYTE 

N I JMINLJM 
ANTIMONY 
ARSENIC 
BARIUM 
EiEAYLLIUM 
CADMllJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
lRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NKXEL 
POTASSILJM 
SELENILJM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZNC 

CRW 

200 
60.0 
10.0 
200 
5.0 
5.0 

5000 
10.0 
50.0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 

IDL 

33.0 33.0 
34.0 50.0 

3.0 3.0 
7.0 232 
1.0 1.0 
3.0 3.0 
7.0 63500 
7.0 7.0 
40 4.0 
60 60 
5.0 5.0 
1.0 1.0 

27.0 0390 
1.0 61.5 

0.10 0.14 
70 7.0 

100 665 
4.0 4.0 
5.0 5.0 

51.0 11300 
4.0 4.0 
3.0 3.0 
3.0 3.0 

DW-MW-DG-24 DW-MW-DG-28 DW-MW-DG-4 DW-MW-DG-5 DW-MW-DG-6 
841275-09 841275-10 841275-03 y 041275-04 941275-05 

LJ 
L 
UJ 

II 
u 
J 
U 
UL 
U 
u 
UJ 
J 

U 
u 

LJJ 
UL 

LJ 
LL 
u 

33.0 
53.6 

3.0 
60 1 

1.0 
3.0 

33700 
7.0 
4.0 
6.3 
5.0 
1.0 

11900 
1.4 

0.13 
7.0 

675 
4.0 
5.0 

7350 
4.0 
3.0 
5.6 

LJ 
L 
UL 

u 
UJ 
J 

U 
IJ 

11 
UL 

U 
Ll 

33.0 
35.2 

3.0 
552 
1.0 
4.3 

26300 
7.0 
4.1 
6.0 

16200 
1 .o 

7150 
1060 
0.13 
11.2 

1370 
4.0 
5.0 

11300 
4.0 
3.0 
7.6 

U 
L 
UJ 

u 
J 
J 
U 
El ’ 
U 

‘UJ 
J 

U 
[3 

UJ 
UL 

U 
U 

33.0 
34.0 

3.0 
92.0 

1 .o 
3.0 

56400 
7.0 
4.0 
6.0 

1620 
1.0 

11200 
1080 
0.13 

70 
1150 

4.0 
5.0 

13m 
. 4.0 

3.0 
30 

U 
UL 
UJ 

U 
U 
J 
U 
UL 
U 

UJ 
J 

u 
U 

UJ 
UL 

U 
U 
u 

330 u 
34.0 UL 

3.0 'UJ 
243 
1.0 u 
30 u 

56600 J 
7.0 u 
40 UL 
6.0 U 

11500 
1.0 UJ 

9330 J 
553 

0.13 u 
124 B 

1170 
40 LJJ 
5.0 UL 

10700 
4.0 u 
30 u 

47.0 



CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPOf34TlON 

Cl !ENT ID: 
LABOC~ATORY ID 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE 

AJ-LJMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLL IUM 
CADMll JM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
RON 
LEAD 
MAGNESNJM 
MANGANESE 
MERCURY 
NICKEL 
f’OTASSIlJM 
‘SELENIUM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRM. 

200 33.0 33.0 u 
60.0 34.0 34.0 UL 
10.0 3.0 3.0 UL 
200 7.0 231 
5.0 10 1.0 II 
5.0 3.0 3.0 u 

5000 7.0 25OCKl J 
10.0 7.0 7.0 u 
50.0 4.0 4.0 u 
25.0 6.0 6.0 u 
100 50 9.1 
3.0 1 .o 1.0 UJ 

5000 27.0 15600 .I 
15.0 1 .o 1.0 u 
0.20 0.10 0.13 u 
40.0 TO 70 11 

5000 100 1000 
5.0 4.0 4.0 u 

10.0 5.0 5.0 UL 
5000 51.0 6510 
10.0 4.0 4.0 u 
50.0 30 3.0 u 
20.0 3.0 3.0 u 

ICL 

DW-MW-HN-231 DW-MW-HN-23S DW-MW-HN-23 DW-rMW-HN-241 DW-MW-HN-24s 
941275-l 1 641275-12 g41275-13 f34i275-i 4 

33.0 u 
37.0 L 

3.0. UL 
204 
1.0 II 
3.0 u 

26700 J 
7.0 u 
4.0 u 
6.0 u 
5.0 u 
1.0 UJ 

7220 J 
1.6 

0.13 u 
81 D 

747 
4.0 LJ 
5.0 UL 

8210 
4.0 u 
3.0 u 
5.1 

33.0 u 
34.0 IJL 

3.0 UL 
56.1 

1.0 u 
3.0 u 

35900 J 
7.0 u 

13.6 0 ’ 
6.2 K 
5.6 * 
1.0 Ud 

15600 J 
446 

0.13 u 
34.4 0 
757 
4.0 u 
5.0 UL 

11900 
4.0 u 
3.0 u 

26.9 

363 
34.0 UL 

5.4 L 
272 
1.0 u 
3.0 u 

351M) J 
7.0 u 
4.0 u 
6.5 K 

557 
1.0 UJ 

12000 J 
25.7 
0.13 u 

7.0 u 
1040 

4.0 LJ 
5.0 UL 

34600 
'4.0 u 
‘3.0 u 

26.1 

- 

r f . I I n 

33.0 u 
34.0 UL 

30 UJ 
213 
10 II 
3 0 II. 

46300 .J 
7.0 u 
41 0 
60 U 
50 1J 
1.0 UJ 

17300 J 
20.2 K 
0.13 u 

70 II 
865 
4.0 1JJ 
50 UL 

12600 
4.0 u 
30 lJ- 
35 L 



CT0 159 NAWC WARMINSTEH. PENNSYLVANIA 
CEIMIC CORPORATION 

Cl IENT IO. 
LABOHATOfiY IO 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE CRDL IfX 

ALUMINUM 200 33 0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
BERYLLILJM 5.0 10 
CAf)MllJM 5.0 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
RON 100 5.0 
LEAD 3.0 1.0 
MAGNESfUM 5000 27.0 
MANGANESE 15.0 1.0 
MERCURY 0.20 0.10 
NICKEL 40.0 70 
POTASSlliM 5000 100 
SEf.ENHJM 5.0 40 
SffwVER 10.0 5.0 
SODIUM 5000 51 .o 
THALLIUM 10.0 4.0 
VANADIUM 50.0 3.0 
ZINC 20.0 3.0 

DW-MW-HN-24X DW-MW-HN-251 DW-MW-I-IN-B DW-MW-HN-2Bf DW-MW-HN-28s 
Q41275-16 941275-l 7 941275-18 

33.0 
34.0 

5.4 
172 
1 .o 
3.0 

350OO 
7.0 
4.0 
6.5 
5.0 
1 .o 

12Om 
13.5 
0.13 

7.0 
944 
4.0 
5.0 

33700 
4.0 
3.0 
4.6 

EL 
L 

11 
U 
J 
U 
U 
K 
U 
UJ 
J 

U 
U 

U 
UL 

U 
U 

33.0 
56.0 

3.0 
156 
1 .o 
3.0 

35200 
7.0 
4.1 
7.7 
5.0 
1.0 

0110 
103 

0.13 
7.0 

1000 
4.0 
5.0 

10700 
4.0 
3.0 

21.1 

L” 
UL 

\t 
1J 
J 
U 
B 
K 
U 
UJ 
J 

U 
U 

U 
UL 

U 
U 

33.0 u 33.0 u 46.5 a 
34.0 Lk 34.0 UL 34.0 * UL 

3.0 UL 3.0 UL 10.9 L 
20.4 262 132 

10 IJ 1.0 II 1.0 l! 
5.5 K 3.0 u 30 ,lJ 

30200 J 330W J 22100 .I 
7.0 U’ 7.0 u 7.0 u 
4.0 u 4.1 fl 4.0 u 
7.2 . K 6.0 U 6.0 U 
5.0 ,u 263 440 
1.0 UJ 1.0 UJ 1.0 UJ 

5260 J 12100 J 9520 J 
60.3 653 16.4 
0.13 u 0.13 u 0.13 u 

7.0 u 70 u 7.0 u 
954 914 1730 
4.0 u 4.0 1J 4.0 1J 
5.0 UL 5.0 UL 5.0 UL 

26400 ’ 9470 24700 
4.0 u ’ 4.0 u 4.0 u 
3.0 u 3.0 u 30 u 

18.9 -3.0 u 4.6 

941275-19 341275-20 , 



CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

fl EN1 ID. 
LABOf1AIOHY ID 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE 

N.UMINUM 200 33.0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 70 
BERYLLllJM 5.0 1.0 
CADMILJM 5.0 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
IRON 100 5.0 
LEAD 3.0 1.0 
MAGNESfUM 5000 27.0 
MANGANESE 15.0 1.0 
MERCURY 0.20 0.10 
NICXEL 40.0 7.0 
POTASSIUM 5000 10.0 
SELENffJM 5.0 4.0 
SLVER 10.0 5.0 
SODIUM 5000 51.0 
THALLIUM 10.0 4.0 
VANADIUM 500 3.0 
ZINC 20.0 3.0 

CRLX IDL 

DW-FEICI 
941285-01 

33.0 u 
35.4 J 

3.0 u 
25.7 

1.0 u 
3.0 u 

17500 
7.0 u 
5.3 0 

270 
14.8 I3 

1.0 u 
6000 
20.0 
0.13 u 

7.0 u 
1770 

4.0 u 
5.0 UL 

10800 
4.0 u 
3.0 u 

54.2 

DW-FBC2 
941285-02 

46.2 0 
34.0 UJ 

3.0 u 
7.0 u 
1.0 u 
3.0 u 
133 B 
7.0 u 
4.0 u 
6.0 U 

17.4 0 
1.0 u 

34.4 B 
2.1 f3 

0.13 u 
7.0 u 

172 B 
4.0 u 
5.0 UL 
180 f3 
4.0 u 
3.0 II 
3.0 u 

DW-MW-EfG5 
Q412Q5-03 

44.2 0 33.0 u 
50.5 J 30.0 J 

3.0 u 3.0 u 
122 92.1 
1.0 u 1.0 1J 
3.0 u 3.0 u 

13800 16900 
7.0 u 9.7 B 
4.0 u 8 4.0 u 
6.0 U 6.0 U 

10.4 El 15.6 0 
1.0 u 1.0 u 

4330 4850 
6.0 B 2.4 f3 

0.13 u 0.14 u 
7.0 u 7.0 u 

1010 761 8 
4.0 u 4.0 u 
6.3 L 5.0 UL 

6040 8310 
4.0 u '4.0 u 
3.0 u '3.0 u 
6.1 6.1 

DY-MW-DGf4 
ndi ~5-04 

DW-MW-HN’al 
941285-05 

33.0 u 
64.7 J 

4.3 f3 
157 
1.0 11 
3.0 u 

22300 
0.7 El 
6.1 B 
8.0 

17.9 B 
1.0 u 

13200 
5.6 B 

0.13 u * 
70 1J 

1240 
4.0 LJ 
5.0 UL 

11900 
4.0 u 
38 
30 1J 

6 I I 1 I E I 



.; ’ 

CT0 159 NAWC WARMINSTER, PENNSMVANIA 
CEIMIC CORPOfIATlON 

CL IENT ID: I 
LABOf1ATORY ID. 

TAL AQUEOUS DISSOLVED METALS @g/L) 

ANALYlE 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESNJM 
MANGANESE 
MERCURY 
NKXEL 
POTASSIUM 
SRENKJM 
SfLVEA 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRDL 

200 
00.0 
10.0 
200 
5.0 
5.0 

5000 
10.0 
50.0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 
5000 
10.0 
50.0 
20.0 

IDL 

33 0 33.0 u 33.0 u 33.0 
34.0 34.0 UJ 34.0 UJ 62.0 

3.0 3.0 u 3.0 u 3.0 
7.0 122 349 59.6 
1.0 1.0 u 1.0 II 1 .o 
3.0 3.0 u 3.0 u 3.0 
7.0 18900 31600 16700 
7.0 7.0 u 9.3 B 6.3 
4.0 5.3 B 5.0 B 4.0 
6.0 6.0 u 7.7 6.0 
5.0 11.0 El 23.2 B 27.7 
1.0 1.0 u 1.0 u 1.0 

27.0 6850 13100 7290 
1.0 57.6 66.1 11.5 

0.10 0.13 u 0.13 u 0.13 
7.0 7.0 u 7.0 u 7.0 

10.0 1190 1580 1730 
40 4.0 u 4.0 u 4.0 
5.0 5.0 UL 5.0 UL 5.0 

51.0 6900 10600 12100 
4.0 4.0 u 4.0 u 4.0 
3.0 3.0 u 3.0 u 3.0 
3.0 7.2 15.4 10.5 

DW-MW-liN26S 
941295-06 

OW-MW-HN27l DW-MW-f-if’427S~ OW-MW-fiN34S DW-MW-MWl 
941x35-07 B412es-08 941295-09 941295-10 

u 
J 
U 

U 
U 

B 
U' 
U 

,B 
QU 

U 
U 

U 
UL 

U 
U 

33.0 
45.9 

3.0 
125 
1.0 
3.0 

35ocxI 
11.0 

4.2 
17.3 
26.0 

1.0 
12300 

9.4 
0.13 

86 
1110 

4.0 
5.0 

( 9360 
4.0 
3.0 
8.5 

U 
J 
U 

U 
U 

B 
B 

B 
U 

U 
B 

II 
UL 

U 
U 

33.0 u 
34.0 UJ 

3.0 'U 
175 
1.0 u 
3.0 u 

20000 
10.0 B 

4.0 u 
6.1 

14.8 B 
1.0 u 

4970 
2.8 B 

0.13 u 
7.0 u 

888 B 
4.0 u 
5.0 UL 

7240 
4.0 u 
3.0 u 
6.5 



CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

(:I Il:Nl ID 
1 /rtKI IA1 Of IY II) 

TAI. AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE 

Al LJMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYL.LIlJM 
CALIMLJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESlCiM 
MANGANESE 
MERCURY 
NKXEL 
POTASSILJM 
SELENIUM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRDL 

200 33.0 33.0 u 
60.0 34.0 34.0 UJ 
10.0 3.0 3.0 u 
200 7.0 165 * 
5.0 1.0 1.0 u 
5.0 30 3.0 u 

5000 7.0 19700 
10.0 7.0 7.5 B 
50.0 4.0 4.0 u 
25.0 60 6.0 U 
100 50 15.9 0 
3.0 1.0 15.9 

5000 27.0 4990 
15.0 10 4.3 B 
0.20 0.10 0.13 u 
40.0 7.0 7.0 u 

5000 10.0 834 El 
5.0 4.0 4.0 u 

10.0 5.0 5.0 UL 
5000 51.0 7300 
10.0 4.0 4.0 u 
50.0 30 3.0 u 
20.0 3.0 5.6 

IDL 

DW-MW-MW2 
94!295-l! 

DW-REI 2 
941295-12 

35.0 
34.0 UJ 

3.0 u 
7.0 u 
1.0 LJ 
3.0 u 
105 
9.3 B 
4.0 u 
6.0 U 

19.1 I3 
1.0 u. 

27.0 U 
1.3 B 

0.13 u 
70 u 

118 El 
4.0 u 
5.0 UL 

169 B 
4.0 u 
3.0 LJ 
3.0 1J 
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CT0 159, NAWC. WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

TCL AQUEOUS SEMI-VOLATILE ORGANICS @g/L) 

CLIENT ID: 
LABORATORY ID: 

W-MW-HN-28XW-MW-HN-291 W-MW-HN-29SvV-MW-HN-29XW-MW-HN-34X 
940276-21 940276 - 22 940276-23 940276 - 24 940276-26 

ANALYTE CRQL MDL 

2.4-DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2.4-DINITROTOLUENE 
DIETHYL PHTHALATE 
4-CHLOROPHENYL-PHENYL ETHER 
FLUORENE 
4-NITROANILINE 
4.6-DINITRO-2-METHYLPHENOL 
N- NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYL,ETHER 
HEXACHLOROBENZENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-n-BUTYLPHTHALATE 
FLUORANTHENE 
CARBAZOLE I 

PYRENE 
BU-IYLBENZYLPHTHALATE 
3,3’-DICHLOROBENZIDINE 
BENZO(a)ANTHRACENE 
CHRYSENE 
BlS(2-ETHYLHEXYL)PHTHALATE 
DI-n-OCMPHTHALATE 
BENZO(b)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(a)PYRENE 
INDENO(l.2,3-cd)PYRENE 
DIBENZO(a,li)ANTHRACENE 
BENZO(g.h.i)PERYLENE 

DILUTION FACTOR: 

;z 
IO 
10 
10 

18 
25 
25 
10 

18 
25 
10 
10 

1: 
IO 

1: 

100 

100 
10 
IO 
IO 

1: 

2.5 
2.5 

1 

1 

1 
2.5 
2.5 

1 

1 
2.5 

1 

1 
1 

; 

1 

1 

1 
1 
1 
1 
1 

25 U 25 u 25 U 25 U 
25 u 25 U 25 u 25 U 
10 u 10 u 10 u 10 u 
IO u 10 u 10 u 10 u 
IO u IO u 10 u 10 u 
IO u IO u IO u 10 u 
IO u 10 u 10 u 

25 UJ’ 
10 u 

25 UJ 25 UJ 25 UJ 
25 u 25 U 25 U 25 U 
10 u 10 u 10 u 10 u 
IO u 10 u 10 u IO u 
IO u IO U IO u 10 u 
25 u 25 U 25 U 25 U 
10 u 10 u 10 u 10 u 
IO u 10 u IO u IO u 
IO u IO u 10 u IO u 
IO u IO u 10 u 10 u 
IO u 10 u IO u 10 u 
IO u IO u 1ou , IO u 
IO u IO u 10 u 10 u 
10 u 10 u IOU IO u 
10 u IO u IO u IO u 
IO u IO u IO u IO u 

1’0 :: 1: : 1: “u Ii ! 
10 u IO u IOU . IO u 
10 u 10 u IO u IO u 
IO u 10 U IO u IO u 
IO u IO u 10 u IO u 
IO u IO u 10 u IO u 
10 u 10 u IO u IO u 

25 !J 
25 U 
IO u 
10 u 
IO u 
1-o u 
IO u 
25 UJ 
25 u 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 
IO u 
18 B 
IO u 
10 u 
10’ u 
10 u 
10 u 
IO u 
10 u 

1.0 1.0 1.0 1.0 1.0 
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CT0 t 69, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

I I I 

Y 

TCL AQUEOUS SEMI-VOLATILE ORGANICS (ug/L) 

CLIENT ID: W-RB-11 
LABORATORY ID: 940276 - 26 

ANALYTE MDL 

2.4-DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2.4 -DINlTROTOLUENE 
DIETHYL PHTHALATE 
4-CHLOROPHENYL-PHENYL ETHER 
FLUORENE 
4-NITROANILINE 
4.6-DINITRO-2-METHYLPHENOL 
N- NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYL ETHER 
HEXACHLOROBENZENE 
PENTACHLOR OPHENOL 
PHENANTHRENE 
ANTHRACENE 
Dl--n-BUTYLPHTHALATE 
FLUORANTHENE t 
CARBAZOLE 
PYRENE 
BUTYLBENZYLPHTHALATE 
3,3’-DICHLOFiOBENfIDINE 
BENZO(a)ANTHRACENE 
CHRYSENE 
BIS(P-ETHYLHEXYL)PHTHAlATE 
DI-n-OCMPHTHALATE 
BENZO(b)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(a)PYRENE 
INDENO(1.2.3-cd)PYRENE 
DIBENZO(a,h)ANTHRACENE 
BENZO(g,h.l)PERYLENE 

2.5 
2.5 

1 

1 

2.: 
2.5 

1 

2.: 
1 
1 
1 

1 
1 

1 
1 

1 
1 

1 

1 

25 U 
25 U 
10 u 
10 u 
10 u 
10 u 
10 u 
25 U 
25 U 
10 u 
10 u 
10 u 
25 U 
10 u 
10 u 
10 u 
10 u 
10 UJ 
10 u 
IOU . 
10 UJ 
10 u 
10 u 

5 J 
10 u 
IO u 
IO u 
10 u 
10 u 
10 u 
10 u 

DILUTION FACTOR: 1.0 



CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Cl IENT ID. DW-MW-MW2 DW-Rf312 
L.AUOfiATOfIY ID 941265-11 B41285-12 

TAI. ACIUEOUS DISSOLVED METALS @g/L) 

ANALYTE CRDL 

Al UMlNlJM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLILJM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESNJM 
MANGANESE 
MERCURY 
NKXEL 
POTASSILJM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

200 
60.0 
10.0 

5.0 
5.0 

5000 
10.0 
50.0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 
5000 
10.0 
50.0 
20.0 

IDL 

33 0 
34.0 

3.0 
7.0 
1 .o 
3.0 
7.0 
7.0 
4.0 
60 
5.0 
1 .o 

27.0 
1.0 

0.10 
70 

10.0 
4.0 
5.0 

51 .o 
4.0 
3.0 
3.0 

33.0 u 35.0 
34.0 UJ 34.0 UJ 

3.0 Ll 3.0 u 
165 7.0 u 
1.0 u 1.0 u 
3.0 u 3.0 u 

19700 105 
7.5 6 9.3 El 
4.0 u 4.0 u 
6.0 U 6.0 U 

15.9 El 19.1 El 
15.9 1.0 II 

4990 27.0 U 
4.3 B 1.3 0 

0.13 u 0.13 u 
7.0 u 7.0 u 

a34 f3 iia 6 
4.0 u 4.0 u 
5.0 UL 5.0 UL 

7300 169 B 
4.0 u 4.0 u 
3.0 u 3.0 u 
5.6 3.0 u 

i I 
1 I i I I 



i .’ 

CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Cl IENT ID. I 

LAUOIIATOIIY II) 

TAL AQUEOUS DISSOLVED METALS lug/L) 

ANALYTE 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NIME 
POTASSIUM 
SELENIUM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

. 

CRDL IDL 

200 
60.0 
10.0 
200 
5.0 
50 

5000 
10.0 
50.0 
25.0 
100 
3.0 

33.0 33.0 u 
34.0 34.0 UJ 

3.0 3.0 u 
7.0 122 
1.0 1.0 u 
3.0 3.0 u 
7.0 la900 
7.0 7.0 u 
4.0 5.3 B 
6.0 6.0 u 
5.0 11.0 B 
1.0 1.0 u 

27.0 6850 
1.0 57.6 

0.10 0.13 u 
7.0 7.0, u 

10.0 1190 
4.0 4.0 u 
5.0 5.0 UL 

51.0 8900 
4.0 4.0 u 
3.0 3.0 u 
3.0 7.2 

DW-MW-tiN26S DW-MW-t-IN271 DW-MW-HN27S t DW-MW-HN34$ DW-MW-MWI 
941265-06 941265-07 941285-08 941295-09 941295-10 

U 
J 
U 

33.0 u 33.0 
34.0 UJ 82.0 

3.0 u 3.0 
349 59.6 
1.0 1J 1.0 
3.0 u 3.0 

31600 16700 
9.3 B 8.3 
5.0 I3 4.0 
7.7 6.0 

23.2 El 27.7 
1.0 u 1.0 

13100 7290 
68.1 11.5 
0.13 u 0.13 

7.0 u 7.0 
1580 1730 

4.0 u 4.0 
5.0 UL 5.0 

10600 12100 
4.0 u 4.0 
3.0 u 3.0 

15.4 10.5 

33.0 u 
45.9 J 

3.0 u 
125 
1.0 u 
3.0 u 

35000 
11.0 B 

4.2 B 
17.3 
26.0 El 

1.0 u 
12300 

9.4 
0.13 u 

0.6 B 
1110 

4.0 11 
5.0 UL 

8360 
. 4.0 u 

3.0 u 
4.5 

33.0 u 

U 
U 

6 I 

U 
U 

k 

U 
U 

U 
UL 

U 
U 

34.0 VJ 
3.0 u 

175 
1.0 u 
3.0 u 

2oocO 
10.0 B 

4.0 u 
6.1 

14.8 B 
1.0 LL 

4970 
2.8 B 

0.13 u 
7.0 u 

a88 t3 
4.0 u 
5.0 UL 

7240 
4.0 u 
3.0 u 
6.5 



t I I 1 I 

CT0 159 NAWC WARMINSTER, PENNSMVANIA 
CEIMIC CORPORATION ’ 

CI ItINT ID. 
LAUOfiATOfIY ID. 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE CRM. IL-X 

FV.LJMlNUM 200 33.0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
EERKLILJM 5.0 10 
CADMILJM 5.0 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
IRON 100 5.0 
LEAD 3.0 1 .o 
MAGNESlUM 5000 27.0 
MANGANESE 15.0 1.0 
MERCURY 0.20 0.10 
NKXEL 40.0 7.0 
POTASSIUM 5000 10.0 
SELENHJM 5.0 4.0 
SLVER 10.0 5.0 
SODIUM 5000 51 .o 
THALLIUM 10.0 4.0 
VANADIUM 50 0 3.0 
ZINC 20.0 3.0 

DW-FEICI 
941285-01 

33.0 u 
35.4 J 

3.0 u 
25.7 

1.0 u 
3.0 u 

17500 
7.0 u 
5.3 E 

270 
14.8 B 

1.0 U 
6000 
20.9 
0.13 u 

7.0 u 
1770 

4.0 u 
5.0 ln 

10800 
4.0 u 
3.0 u 

54.2 

DW-FBC2 
941265-02 

46.2 t3 
34.0 UJ 

3.0 u 
7.0 u 
1.0 u 
3.0 u 

133 El 
7.0 u 
4.0 u 
a.0 u 

17.4 B 
1.0 u 

34.4 0 
2.1 B 

0.13 u 
7.0 u 
172 B 
4.0 u 
5.0 UL 
180 El 
4.0 u 
3.0 u 
3.0 u 

DW-MW-BGS DW-+lW-DGl4 
941265-03 841265-04 

44.2 B 33.0 u 
59.5 J 39.0 J 

3.0 u 3.0 u 
122 92.1 
1.0 u 1.0 u 
3.0 u 3.0 u 

13800 16900 
7.0 u 9.7 B 
4.0 u 4.0 u 
a.0 u 6.0 U 

18.4 I3 15.6 B 
1.0 

4330 
6.0 

0.13 
7.0 

1010 
4.0 
6.3 

6040 
4.0 
3.0 
a.1 

U’ 

B 
U 
U 

U 
L 

U 
U 

1.0 u 
4850 

2.4 ET 
0.14 u 

7.0 u 
761 B 
4.0 u 
5.0 UL 

6310 
4.9 u 
3.0 u 
6.1 

DW-MW-tiN26l 
941285-05 

33.0 u 
64.7 J . 

4.3 B 
157 
1.0 11 
3.0 u 

22300 
a.7 B 
6.1 B 
a.0 

17.9 B 
1.0 u 

13200 
5.6 B 

0.13 u 
7.0 u 

1240 
4.0 LJ 
5.0 UL 

11900 
4.0 u 
3.8 
3.0 u 



CTO.159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Q IENT ID: I 
LAUOiiAToi iy ,D 

TAL AQUEOUS DISSOLVED METALS @g/L) 

ANALYTE CRCi 

ALUMINUM 200 
ANTIMONY 60.0 
ARSENIC 10.0 
BARIUM 200 
EIERYLLIUM 5.0 
CADMIUM 5.0 
CALCIUM 5000 
CHROMIUM 10.0 
COBALT 50.0 
COPPER 25.0 
IRON 100 
LEAD 3.0 
MAGNESiUM 5000 
MANGANESE 15.0 
MERCURY 0.20 
NIMEL 40.0 
POTASSIUM 5mo 
SELENIUM $ ( 5.0 
SLVER 10.0 
SODIUM 5000 
THALLIUM 10.0 
VANADIUM 50.0 
ZINC 20.0 

IDL 

33.0 33.0 u 
34.0 34.0 UL 

3.0 5.4 L 
7.0 172 
t.0 1.0 u 
3.0 3.0 u 
7.0 35000 J 
7.0 7.0 u 
4.0 4.0 u 
6.0 8.5 K 
5.0 5.0 u 
1.0 1.0 UJ 

27.0 12000 J 
1 .o 13.5 

0.10 0.13 u 
7.0 7.0 u 

10.0 944 
4.0 4.0 u 
5.0 5.0 UL 

51.0 33700 
4.0 4.0 u 
3.0 3.0 u 
3.0 4.8 

DW-MW-HN-24X DW-MW-HN-251 DW-MW-HN-25.5 PW-MW-HN-281 DW-MW-HN-26S 
Eidi2?5-i8 G4;275-17 94:275-18 9412?5-!9 e412?6-20 

33.0 u 
58.0 L 

3.0 UL 
158 
1.0 u 
3.0 u 

35200 J 
7.0 u 
4.1 B 
7.7 K 
5.0 u 
1.0 UJ 

9110 J 
183 

0.13 u 
7.0 u 

1000 
4.0 u 
5.0 UL 

lofm 
4.0 u 
3.0 u 

21 .l 

33.0 u 33.0 
34.0 Ln 34.0 

3.0 UL 3.0 
28.4 282 

1.0 u 1.0 
5.5 K 3.0 

30200 J 33ooo 
7.0 u 7.0 
4.0 u ’ 4.1 
7.2 K a.0 
5.0 u 263 
1.0 UJ 1.0 

5280 J 12100 
60.3 883 
0.13 u 0.13 

7.0 u 7.0 
954 914 
4.0 u 4.0 
5.0 UL 5.0 

28400 9970 
4.0 u 4.0 
3.0 u ‘3.0 

18.9 3.0 

U 
UL 
UL 

U 
Ll, 
J 
U 
B 
U 

UJ 
J 

U 
U 

U 
UL 

:: 
U 

48.5 B 
34.0 UL 
10.9 L’ 
132 
1.0 II 
3.0 u 

22100 J 
7.0 u 
4.0 u 
6.0 U 

44.0 
1.0 UJ 

9520 J 
18.4 
0.13 u 

7.0 u 
1730 

4.0 II 
5.0 UL 

24700 
4.0 u 
3.0 u 
4.8 

- 
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CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPOR4TION Cl If’NT 0: 
lAUOf1Al0f1i’iLI 

DW-MW-HN-231 DW-MW-HN-23S DW-MW-HN-23X DW-t+W-HN-241 DW-MW-HN-24s 
941275-11 941275-12 941275-13 941275-14 941275-l 5 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALY-fE 

AI.LJMINUM 200 33.0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 70 
BERYLLII IM 5.0 1.0 
CADMILJM 50 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
IRON 100 5.0 
LEAD 3.0 1.0 
MAGNESIUM 5000 27.0 
MANGANESE 15.0 1.0 
MERCURY 0.20 0.10 
NKXEL 40.0 7.0 
POTASSIUM 5000 10.0 
SRENIUM 5.0 4.0 
SlLVER 10.0 5.0 
SODIUM 5000 51.0 
THALLIUM 10.0 4.0 
VANADIUM 50.0 3.0 
ZINC 20.0 3.0 

CRCX IDL 

I ! 

. - 

33.0 
34.0 

3.0 
231 
1.0 
3.0 

25000 
7.0 
4.0 
6.0 
9.1 
1 .o 

156W 
1 .o 

0.13 
70 

1000 
4.0 
5.0 

6510 
4.0 
3.0 
3.0 

u 
UL 
IJL 

LJJ 
J 
u 
U 
u 

U 
Lk 

U 
u 
U 

33.0 
37.0 

3.0 
204 
1.0 
3.0 

267CO 
7.0 
4.0 
6.0 
5.0 
1.0 

7220 
1.6 

0.13 
6.1 

747 
4.0 
5.0 

6210 
4.0 
3.0 
5.1 

U 
L 
UL 

U 
U 
J 
U 
U 
U 
U 
UJ 
J 

U 
El 

U 
UL 

U 
U 

33.0 
34.0 

3.0 
56.1 

1.0 
3.0 

35900 
7.0 

13.6 
6.2 
5.6 
1.0 

15600 
446 

0.13 
34.4 
757 
4.0 
5.0 

11900 
4.0 
3.0 

26.9 

U 363 
UL 34.0 
UL 5.4 

272 
U 1.0 
U 3.0 
J 35100 
u , 7.0 
B 4.0 
K 6.5 ~ 

557 
UJ ’ 1.0 
J 12000 

25.7 
U 0.13 
6 7.0 

1040 
U 4.0 
UL 5.0 

34600 
U 4.0 
U 3.0 

28.1 , 

UL 
L 

UJ 
J 

U 
U 

U 
UL 

U 
U 

33.0 
34.0 

3.0 
213 
10 
3.0 

46300 
7.0 
4.1 
6.0 
5.0 
1.0 

17300 
20.2 
0.13 

7.0 
005 
4.0 
5.0 

12800 
4.0 
3.0 
3.5 

u 
UL . 
UJ 

11 
u 
J 
U 
B 
U 
U 
UJ 
J 
K 
U 
U 

UJ 
UL 

U 
u 
L 



i’ 

CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

CLIENT ID. 
LABOHATOHY IO 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE CROL IDL 

N.UMINUM 200 33.0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
BERYLLILJM 5.0 1.0 
CADMIUM 5.0 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
IRON 100 5.0 
LEAD 3.0 1.0 
MAGNESlUM 5000 27.0 
MANGANESE 15.0 1.0 
MERCURY 0.20 0.10 
NICKEL 40.0 7.0 
POTASSIUM 5000 10.0 
SELENIUM 5.0 4.0 
SLVER 10.0 5.0 
SODIUM 5000 51.0 
THALLIUM 10.0 4.0 
VANADIUM 50.0 3.p 

ZINC 20.0 3.0 

DW-MW-De-24 DW-MW-DG-28 DW-MW-DG-4 f DW-MW-DG-5 DW-MW-DG-6 
Q41275-OQ Q41275-10 941275-03 941275-04 5341275-05 

33.0 u 
50.9 L 

3.0 UJ 
232 
1.0 u 
3.0 u 

63500 J 
7.0 u 
4.0 UL 
6.0 u 
5.0 u 
1.0 UJ 

9390 J 
61.5 
0.14 u 

7.0 u 
665 
4.0 UJ 
5.0 UL 

11300 
4.0 u 
3.0 u 
3.0 u 

33.0 
53.6 

3.0 
60.1 

1.0 
3.0 

33703 
7.0 
4.0 
0.3 
5.0 
1 .o 

11900 
1.4 

0.13 
7.0 

675 
4.0 
5.0 

7350 
4.0 
3.0 
5.6 

U 
UJ 
J 

U 
U 

U 
Lk 

U 
U 

33.0 
35.2 

3.0 
552 
1.0 
4.3 

28300 
7.0 
4.1 
6.0 

16200 
1.0 

7150 
1060 
0.13 
11.2 

1370 
4.0 
5.0 

11300 
4.0 
3.0 
7.6 

U 
L 
UJ 

U 
J 
J 
u ’ 
0 
.U 

‘UJ 
J 

U 
0 

UJ 
UL 

U 
U 
L 

33.0 
34.0 

3.0 
92.9 

1 .o 
3.0 

5640 
7.0 
4.0 
6.0 

1620 
1.0 

11200 
1060 
0.13 

7.0 
1150 

4.0 
5.0 

13000 
* 4.0 

3.0 
3.0 

U 
UL 
UJ 

U 
U 
J 
U 
UL 
U 

UJ 
J 

UJ 
UL 

k 
U 

33.0 
34.0 

3.0 
243 
1.0 
3.0 

56600 
7.0 
40 
6.0 

11500 
1 .o 

9330 
553 

0.13 
12.4 

1170 
4.0 
5.0 

10700 
4.0 
30 

47.0 

UL 
UJ 

U 
u 
J 
U 
UL 
U 

UJ 
J 

U 
0 

1JJ 
UL 

U 
U 
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CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Ct IENT ID 
LAUOfiAT0fIY ID 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE CRM IM 

AI.LJMINUM 200 33 0 
ANTIMONY 60.0 34 0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
BERYLLLJM 5.0 1 .o 
CADMILJM 5.0 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 70 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
IRON 100 5.0 
LEAD 3.0 1.0 
MAGNESWM 5000 27 0 
MANGANESE 15.0 1 .o 
MERCURY 0.20 0.10 
NICXEL 40.0 70 
POTASSILIM 5000 100 
SELENlUM 5.0 4.0 
SlLVER 10.0 5.0 
SODIUM 5000 51 .o 
THALLIUM 10.0 4.0 
VANADIUM 50.0 3.0 
ZINC 20.0 3.0 

1 

E I ! 

DW-MW-BG-2 
941275-01 

372 
34.0 UL 

3.0 UL 
47.8 

1.0 u 
3.0 u 

11500 J 
7.0 u 
4.0 u 
7.1 K 

13700 
1.7 J 

5020 J 
452 

0.13 u 
0.9 0 

2220 
4.0 u 
5.0 UL 

5380 
4.0 u 
3.6 

26.6 

I I 

DW-MW-BG-6 
841275-02 

33.0 u 
37.0 L 

3.0 UL 
45.7 

1.0 u 
3.0 u 

9070 J 
7.0 u 
4.0 u 
6.0 U 
5.0 u 
1.0 UJ 

2790 J 
27.4 
0.33 

7.0 u 
954 
4.0 u 
5.0 UL 

13700 
4.0 u 
3.0 u 

11.7 

I I I I I 

DW-MW-DG-15 DW-MW-DG-16 DW-MW-DG-22 
941275-08 

33.0 u 
34.0 UL 

3.0 UJ 
301 
1.0 LJ 
3.0 u 

64000 J 
7.0 u 
4.1 El 
6.0 U 

17.7 
1.0 UJ 

10300 J 
1360 
0.13 u 

70 u 
1030 

4.0 UJ 
5.0 UL 

11400 
4.0 u 
3.0 u 
6.5 L 

941275-07 

33.0 u 
34.0 UL 

3.0 UJ 
452 
1.0 u 
3.0 u 

53000 J 
7.0 .u 
4.0 UL 
6.0 U 
5.0 u 
1.0 UJ 

172M) J 
3.5 K 

0.13 u 
7.0 u 

1520 
4.0 UJ 
5.0 UL 

109ql 
4,o u 
3.0 u 
9.3 L 

941275-08 

33.0 u 
45.9 L 

3.0 UJ’ 

371 K 
1.0 u 
3.0 II 

49400 J 
7.0 u 
40 UL 
6.0 U 
5.0 u 
1.0 UJ 

12000 J 
27.6 K 
0.13 u 

70 u 
1510 

4.0 11J 

5.0 UL 

10300 
4.0 u 
3.0 u 
3.0 u 



CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Cl IENT ID: I 

L.ABOfIATOfIY ID. 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE CRDL 

ALUMINUM 200 
ANTIMONY 60.0 
ARSENIC 10.0 
BARIUM 200 
BERYL.LIUM 5.0 
CADMIUM 5.0 
CALCIUM 5000 
CHROMIUM 10.0 
COBALT 50.0 
COPPER 25.0 
IRON 100 
LEAD 3.0 
MAGNESlUM 5000 
MANBANESE 15.0 
MERCURY 0.20 
NICXEL 40.0 
POTASSIUM 5000 
SELENUJM 5.0 
SLVER 10.0 
SODIUM 5000 
THALLIUM 10.0 
VANADIUM 50.0 
ZINC 2q.o 

DW-AB-11 
943275-26 

IDL 

33 0 33.0 u 
34.0 34.0 UL 

3.0 3.0 u 
7.0 7.0 u 
1.0 1.0 u 
3.0 3.0 u 
7.0 122 B 
7.0 7.0 u 
4.0 4.0 u 
6.0 6.0 u 
5.0 5.0 u 
1 .o 10.5 

27.0 27.0 U 
1.0 1.2 

0.10 0.13 u 
7.0 7.0 u 

10.0 10.0 u 
4.0 4.0 u 
5.0 5.0 u 

51 .o 309 B 
4.0 4.0 u 
3.0 3.0 u 
3.0 9.3 



CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Cl II-NT ICI 
LAUOI1ATOIiY II) 

TAL AQUEOUS DISSOLVED METALS (ug/L) 

ANALYTE 

ALUMINUM 200 33.0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
BERYl.LIIJM 5.0 1.0 
CAllMIlIM 5.0 3.0 
CALCIUM 5000 70 
CHROMIUM 10.0 7.0 
COBALT 50.0 40 
COPPER 25.0 6.0 
IRON 100 50 
LEAD 3.0 1 .o 
MAGNESIUM 5000 27.0 
MANQANESE 15.0 1.0 
MERCURY 0.20 0.10 
NICKEL 40.0 7.0 
POTASSIUM 5000 10.0 
SELENILIM 5.0 4.0 
SILVER 10.0 5.0 
SODIUM 5000 51 .o 
THALLIUM 10.0 4.0 
VANADIUM 50 0 3.0 
ZINC 20.0 3.0 

CALX 

DW-MW-HN-28X DW-MW-HN-291 DW-MW-HN-29S DW-t$W-HN-29X DW-MW-HN-34X 
%I327521 943275-22 94X275-23 943275-24 943275-25 . 

IDL 

33.0 u 
34.0 LJL 

3.0 u 
306 
1.0 u 
3.0 u 

31900 
7.0 u 
4.0 u 
6.0 U 

183 
1.0 u 

12800 
545 

0.13 u 
7.0 u 

806 
4.0 u 
5.0 u 

9810 
4.0 u 
3.0 u 
3.0 u 

33.0 u 33.0 
34.0 UL 34.0 

3.0 u 3.0 
317 141 
1.0 II 1 .o 
3.0 LJ 3.0 

32600 51100 
7.0 u 7.0 
4.0 u 4.0 
6.0 U 6.0 

175 5.0 
1.0 u 1.0 

13200 14200 
563 28.1 

0.13 u 0.14 
7.0 u 7.0 

885 1910 
4.0 u 4.0 
5.0 u 5.0 

10300 21200 
4.0 u 4.0 
3.0 u 3.0 
3.0 u 44.4 

U 
UL 
U 

U 
U 

u I 
U 

u 
lJ I 
U 

U 
U 

u” 
U 
U 
B 

33.0 u 
36.7 L 

3.0 u 
107 
1.0 u 
3.0 u 

41900 
7.0 u 
4.0 u 
6.3 

26.8 
1.0 u 

280W 
12.3 
0.13 u 

7.0 u 
1360 

4.0 u 
5.0 u 

15200 
4.0 u 
3.0 u 

15.4 , B 

33.0 LJ 
34.0 UL * 

3.7 K 
242 
1.0 IJ 
3.0 IJ 

26600 
7.0 u 
4.0 u 
6.0 U 
5.0 u 
1.0 u 

7810 
4.4 

0.13 u 
7.0 u 

655 
4.0 II 
5.0 u 

8680 
4.0 u 
30 u 
7.0 0 
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CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPOfIATlON 

Cr IENT ID. 
LABOfIATOfIY ID. 

TAL AQUEOUS TOTAL METALS (ug/L) 

ANALME 

ALlJMlNlJM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMLJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESwM 
MANGANESE 
MERCURY 
NlMfL 
POTASSI~JM 
SELENILJM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

1 

CRDL 

200 
60.0 
10.0 
200 
5.0 
5.0 

5000 
10.0 
50.0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

5000 
5.0 

10.0 
5000 
10.0 
50.0 
20.0 

W-MW-hePi2 
946185-l 1 

IDL 

33 0 481 
340 34.0 UJ 

3.0 3.0 u 
7.0 213 
i.0 1.0 u 
3.0 3.0 u 
7.0 19900 
7.0 14.7 8 
4.0 4.0 u 
6.0 6.8 
5.0 664 
1.0 1.0 u 

27.0 5040 
1.0 131 

0.10 0.13 u 
70 7.0 u 

100 797 El 
4.0 4.0 LJ 
5.0 5.0 UL 

51.0 7310 
4.0 4.0 u 
3.0 3.0 lJ 
3.0 9.0 

w-m12 
B40285-12 

33.0 u 
84.1 J 

3.0 u 
7.0 u 
1.0 u 
3.0 u 

80.6 B 
7.0 u 
4.0 u 
6.0 u 

12.0 a 
1.0 u 

27.0 U 
1.1 B 

0.13 u 
7.0 u 

109 B 
4.0 u 
5.0 UL 

134 B 
4.0 u 
3.0 u 
3.0 u 



CT0 159 NAWC WARMINSTEA. PENNSMVANIA 
CEIMIC CORPORATION 

(2~ IENT ID. I 
LAEOHATOHY IO. 

TAL AQUEOUS TOTAL METALS (ug/L) 

ANALYT’E CRDL 

FLLJMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BEAYL.LIUM 
CADMILJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IFION 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICXEL 
POTASSIUM 
SELENtUM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

I 

200 33.0 2100 
60.0 34.0 57.5 B 
10.0 30 3.0 u 
200 7.0 223 
5.0 1.0 1.0 u 
5.0 3.0 3.0 u 

5000 7.0 18500 
10.0 7.0 7.5 El 
50.0 4.0 4.0 u 
25.0 6.0 10.4 
100 5.0 1770 
3.0 1.0 1.7 L 

5000 27.0 6900 
15.0 1.0 266 
0.20 0.10 0.13 u 
40.0 70 7.0 u 

5000 10.0 1150 
5.0 4.0 4.0 u 

10.0 5.0 5.0 UL 
5000 51 .o 0330 
10.0 4.0 4.0 u 
50.0 3.0 3.1 
20.0 3.0 14.1 

IDL 

W-MW-HN26S 
9402%-06 

W-MW-HN271 
~i@fEi-07 

109 63.9 
34.0 UJ 50.0 

3.0 u 3.0 
376 154 
1.0 LJ 1.0 
3.0 u 3.0 

31600 16600 
7.0 u 13.2 
4.0 u 5.0 
6.0 U 7.7 

236 66.8 
1.0 Ll 1.0 

133M1 7270 
85.2 14.7 
0.13 u 0.13 

7.0 u 7.0 
1620 1660 

4.0 u 4.0 
5.0 UL 5.0 

10700 12100 
4.0 u 4.0 
3.0 u 3.0 

29.2 11.4 

W-MW-HN27S I WV-MW-HN34S 

B 
U 

U 
U 

61 
B 

:e 
U 

200 
34.0 

3.0 
179 
1.0 
3.0 

39900 
7.0 
5.0 

25.6 
337 
2.7 

14100 
26.1 
0.13 

7.0 
1200 

4.0 
5.0 

10600 
* 4.0 

3.0 
40.0 

UJ 
U 

U 
U 

U 
El 

L 

U 
U 

U 
UL 

U 
U 

W-MW-MWI 
9:m5-10 

666 
34.0 .UJ 

30 u 
211 
1.0 IJ 
3.0 lJ 

20100 
10.6 B 

61 El 
6.6 

1040 
1.0 11 

5240 
140 

0.13 u 
7.0 u 

915 
4.0 u 
5.0 UL 

7650 
4.0 u 
3.0 u 
04 
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CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

(2 IENT IO 
LAUOIlATOI1Y IO 

TAL AQUEOUS TOTAL METALS (ug/L) 

ANALYTE 

PllJMlNUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLltJM 
CAIIMIlJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEA0 
MAGNESlllM 
MANGANESE 
MERCURY 
NKXEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRIX 

200 330 79.8 
60.0 34.0 41.0 B 
10.0 3.0 3.1 0 
200 7.0 26.3 
5.0 1.0 1.0 u 
5.0 3.0 3.0 u 

5000 7.0 16100 
10.0 7.0 11.0 0 
50.0 4.0 4.0 u 
25.0 6.0 395 
100 5.0 42.4 0 
3.0 1 .o 1.7 L 

5000 27 0 6220 
15.0 1.0 23.9 
0.20 0.10 0.13 u 
40.0 7.0 70 u 

5000 10.0 1760 
5.0 4.0 4.0 u 

10.0 5.0 5.0 UL 
5000 51.0 11200 
10.0 4.0 4.0 u 
50.0 3.0 3.0 u 
20.0 3.0 60.0 

IDL 

W-FECI 
94CQ65-01 

W-FBC2 
940285-02 

366 
38.9 0 

3.0 u 
7.0 u 
1.0 u 
3.0 u 

576 
12.3 0 

4.0 u 
6.0 U 

333 
1.0 u 

1350 
2.0 El 

0.24 
7.0 u 

417 I3 
4.0 u 
5.0 UL 

148 B 
4.0 u 
3.0 u 
3.0 

W-MW-0G5 
Q4ax5-03 

121 
34.0 UJ 

3.0 u 
154 
1.0 u 
3.0 u 

15000 
12.0 0 

4.0 u 
6.5 
107 
1.0 u 

4710 
66.2 
0.13 u 

7.0 u 
924 
4.0 u 
5.0 UL 

6530 
4.0 u 
3.0 u 
9.0 

W-MjsV-DG14 
B4MB5-04 

33.0 u 
34.0 UJ 

3.0 u 
101 
1.0 u 
3.0 u 

17203 
12.6 0 

4.0 u 
7.3 

45.7 El 
1.9 u 

4900 
2.6 0 

0.13 u 
7.0 u 

761 El 
4.0 u 
5.0 UL 

8560 
4.Q u 
3.0 u 

25.0 

W-MW-l-IN261 
B4a265-05 

131 
34.0 

3.0 
175 
1 .o 
3.0 

21200 
7.0 
4.2 
6.0 

79.4 
1.0 

12700 
6.2 

0.13 
7.0 

1130 
4.0 
5.0 

11500 
4.0 
3.0 

16.2 

UJ 
u ' 

II 
U 

U 
0 
U 
El 
U 

El 
U 
U 

U 
UL 

U 
U 



CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Cl IENT ID I 
LAUOfiATOIIY IU. 

TAL AQUEOUS TOTAL METALS (ug/L) 

ANALYTE CRCL 

ALUMINUM 200 
ANTIMONY 60.0 
ARSENIC 10.0 
BARIUM 200 
BEAYUIUM 5.0 
CADMIUM 50 
CALCIUM 5000 
CHROMIUM 10.0 
COBALT 50.0 
COPPER 25.0 
lFlON 100 
LEAD 3.0 
MAGNESIUM 5000 
MANQANESE 15.0 
MERCURY 0.20 
NICKEL 40.0 
POTASSILJM 5000 
SELENIUM 5.0 
SLVER 10.0 
SODIUM 5000 
THALLIUM 10.0 
VANADIUM 50.0 
ZINC 20.0 

IDL 

W-MW-HN-24X W-MW-HN-251 W-MW-W-25S W-MW-HN-261 W-MW-HN-28S 
940275-16 94U35-17 9402i5- i ii 94si5-i a 94G275-20 

33.0 393 
34.0 34.0 

3.0 7.1 
7.0 243 
t.0 1.0 
3.0 3.4 
7.0 36400 
7.0 7.0 
4.0 4.0 
6.0 7.1 
5.0 513 
1 .o 1.0 

27.0 12400 
1.0 26.6 

0.10 0.13 
7.0 7.0 

10.0 1120 
4.0 4.0 
5.0 5.0 

51 .o 35200 
4.0 4.0 
3.0 3.3 
3.0 27.6 

J 

U 
U 
J 
UJ 
UL 
J 
U 
I3 
I3 

677 
34.0 

3.0 
234 
1.0 
4.3 

36700 
7.0 
4.0 

19.6 
1090 

6.7 
9900 

235 
0.20 
10.4 

1350 
4.0 
5.0 

11700 
4.0 
3.0 

39.1 

UL 
U 
J 
U 
K 
J 
U 
U 

J 

El 
J 

Ei! 
J 
U 
U 
B 

6920 
34.0 UL 

5.0 
554 J 
1.5 
4.4 K 

35900 J 
14.0 K , 

4.0 u 
13.1 

3150 
10.9 

;J 

6620 J 
354 

0.22 
0.6 El 

1360 J 
4.0 UJ 
5.0 LIL 

25900 J 
4.0 u 
4.5 El 

56.5 B 

60.2 
34.0 UL 

3.9 
351 J 
1.0 u 
3.0 u 

35600 J 
7.0 u 
4.0 u 
6.0 u 

576 J 
1.0 u 

129M) J 
719 

0.13 u 
7.0 u 

1070 J 
4.0 UJ 
5.0 UL 

.B610 J 
4.0 u 
3.0 u 

2g.a El 

2340 
34.0 
13.6 
198 
1.0 
3.0 

23200 
7.0 
4.0 
6.0 

1440 
3.1 

46.0 
0.13 

7.0 
1940 

4.0 
5.0 

24000 
4.0 
4.6 

24.5 

f 
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CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

Q IENT ID: 
LABOHATORY ID. 

1AL AQUEOUS TOTAL METALS (ug/L) 

ANALYTE CRDL ICX 

NlJMINUM 200 33 0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
BERYLLllJM 5.0 1.0 
CADMIUM 5.0 3.0 
CALClLJM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 60 
RON 100 5.0 
LEAD 3.0 1.0 
MAGNESIUM 5000 27.0 
MANQANESE 15.0 1 .o 
MERCURY 0.20 0.10 
NKXEL 40.0 70 
POTA!33UM 5000 10.0 
SELENIUM 5.0 4.0 
SLVER 10.0 5.0 
SODIUM 5000 51 .o 
THALLIUM 10.0 4.0 
VANADIUM 50.0 3.0 
ZINC 20.0 3.0 

L W-MW-HN-231 
sla275-11 

104 
34.0 UL 

3.2 
235 J 
1.0 u 
3.0 u 

25300 J 
7.0 u 
4.0 UL 
6.0 U 

76.6 8 
1.0 u 

15600 J 
4.4 B 

0.13 u 
7.0 u 

1160 J 
4.0 UJ 
5.0 UL 

6260 J 
4.0 u 
3.0 u 

30.2 B 

W-MW-HN-2% 
Q4M75- 12 

171 
34.0 UL 

3.0 u 
275 J 
1.0 u 
3.0 u 

26300 J 
7.0 u 
4.0 u 

13.4 
156 B 
1.3 

7620 J 
13.6 
0.13 u 

7.0 u 
952 J 
4.0 UJ 
5.0 UL 

6350 J 
4.0 u 
3.0 u 

21.6 6 

W-MW-HN-23X W-M)!V-HN-241 W-MW-HN-24s 
Q4a?75-13 Q4m75-14 Q40275- 15 

11600 
34.0 

3.5 
219 
1.1 
3.6 

36600 
13.4 
16.5 
16.0 

12500 
6.0 

i 9900 
651 

0.13 
19.0 

1420 
4.0 
5.0 

12700 
4.0 

20.9 
56.9 

UL 

J 

K 
J 

K , 

J 

J 

U 
El 
J 
UJ 
UL 
J 
U 

6 

33.0 
34.0 

5.2 
161 
1.0 
3.0 

35400 
7.0 
4.0 
6.0 

49.6 
1 .o 

izim 
15.2 
0.13 

7.0 
1060 

4.0 
5.0 

342QO 
4.0 
3:o 
9.1 

u 
UL 

J 
U 
u 
J 
U 
U 
U 
El 
U 
J 

U 
U 
J 
UJ 
UL 
J 
U 
U 
B 

136 
34.0 UL. 

4.1 
292 J 
1.0 u 
30 u 

46400 J 
7.0 u 
4.0 UL 
6.0 U 
105 6 
1.0 u 

17900 J 
22.4 
0.13 u 

7.0 u 
1010 J 

4.0 UJ 
5.0 UL 

13300 J 
4.0 UL 
3.0 u 

13.1 B 



CT0 159 NAWC WARMINSTER, PENNSXVANIA 
CEIMIC CORPORATION 

I 
h (C:hlT tn. u- l-1.8 I”+ 
LABOHATOHY ID. 

TAL. AQUEOUS TOTAL METALS (ug/L) 

ANALYTE 

ALLJMINLJM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
RON 
LEAD 
MAGNESHJM 
MANGANESE 
MERCURY 
NICXEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRDL IDL 

33.0 171 
34.0 34.0 UL 

3.0 3.0 u 
7.0 244 J 
1.0 1.0 u 
3.0 3.0 u 
7.0 64900 J 
7.0 7.0 u 
4.0 4.0 UL 
6.0 6.0 U 
5.0 204 J 
1.0 1.0 u 

27.0 9500 J 
1.0 166 

0.10 0.14 u 
7.0 7.0 u 

10.0 971 J 
4.0 4.0 UJ 
5.0 5.0 UL 

51.0 11300 J 
4.0 4.0 UL 
3.0 3.0 u 
3.0 16.6 El 

w-MW-m-24 
Q4@75-OQ 

w-MW-DG-28 
wx75-10 

453 366 
34.0 UL 34.0 

3.0 u 3.2 
76.3 J 593 

1.0 u 1.0 
3.2 K 3.3 

30100 J 27000 
7.0 u 7.0 
4.0 u 4.0 
9.6 7.7 

572 J 35200 
1.0 u 3.2 

10600 J 6620 
81.0 1030 
0.13 u 0.13 

7.0 u 14.4 
677 J 1330 
4.0 UJ 4.0 
5.0 UL -5.0 

8690 J 10600 
4.0 u 4.0 
3.0 u 6.6 
7.6 E 51.0 

W-MW-DG- 
840275-03 

4 

-4 rw-MW-no-5 

UL 

B 
J 
UJ 
UL 
J 
U 
B 
E 

940275-04 

999 
34.0 

3.2 
162 
1 .o 
3.0 

60100 
6.0 
4.0 

14.4 
12500 

3.2 
12000 

1190 
0.13 

9.0 
1180 

4.0 
5.0 

t4000 
. 4.0 

5.2 
19.9 

UL 

J 
U 
U 
J 
K 
UL 

J 

J 

U 
El 
J 
UJ 
UL 
J 
UL 
B 
B 

W-MW-IX-6 
940275-05 

639 
34.0 UL 

3.0 u 
250 J 
1.0 u 
3.0 u 

56300 J 
7.0 u 
4.0 UL 
7.0 

17300 J 
3.5 

6960 J 
547 

0.15 
lo.1 B 

1230 J 
4.0 UJ 
5.0 UL 

10200 J 
4.0 u 
5.4 El 

225 J 
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CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

Cl IENT IO 
1 ALlOf IAT Of I Y 10 

TAL AQUEOUS TOTAL METALS (ug/L) 

ANALYTE 

Al.lJMINLlM 200 33.0 
ANTIMONY 60.0 34.0 
ARSENIC 10.0 3.0 
BARIUM 200 7.0 
BERYLLllJM 5.0 1.0 
CADMIUM 5.0 3.0 
CALCIUM 5000 7.0 
CHROMIUM 10.0 7.0 
COBALT 50.0 4.0 
COPPER 25.0 6.0 
IRON 100 5.0 
LEAD 3.0 1.0 
MAGNESIUM 5000 27.0 
MANQANESE 15.0 1.0 
MERCURY 0.20 0.10 
NICKEL 40.0 7.0 
POTASSIUM 5000 10.0 
SELENIUM 5.0 4.0 
SILVER 10.0 5.0 
SODIUM 5000 51 .o 
THALLIUM 10.0 4.0 
VANADIUM 50.0 3.0 
ZINC 20.0 3.0 

CRDL IDL 

I I 

W-MW-BG-2 
Q40275-01 

33.0 u 
34.0 ui 

3.0 u 
40.8 J 

1.0 u 
3.0 u 

ii900 J 
7.0 u 
4.0 u 
7.0 

5650 J 
1.0 u 

5130 J 
451 

0.13 u 
10.3 B 

2360 J 
4.0 UJ 
5.0 LJL 

5370 J 
4.0 u 
3.0 u 

10.3 B 

W-MW-EIG-6 
Q4M75-02 

7370 
34.0 UL 

5.9 
114 J 
1.5 
3.8 K 

15200 J 
7.0 u 
4.1 

10.1 
3130 J 
11.9 

5450 J 
89.9 
0.17 

7.0 u 
1350 J 

4.0 UJ 
5.0 UL 

12700 J 
4.0 u 
4.5 B 

38.4 0 

I I 1 I 

W-MW-IX-15 W-MW-DG-16 W-MW-DG-22 
940275-06 940275-07 Q40275- 00 

169 383 79.2 
34.0 UL 34.0 UL 34.0 

3.1 4.4 3.0 
329 J 442 J 381 
1.0 U 1.0 u 1.0 
3.0 U 3.0 u 3.2 

67700 J 51700 J 50700 
7.0 U 7.0 u 7.0 
4.0 UL ' 4.0 UL 4.0 
6.0 U 6.0 U 6.0 

172 El ' 590 J 125 
1 .o u 0 1.0 u 1 .o 

10900 J 16800 J 12200 
1720 20.2 106 
0.14 U 0.13 u 0.13 

7.0 U 9.1 B 70 
1220 J 1760 J 1590 

4.0 UJ 4.0 UJ 4.0 
5.0 UL 5.0 UL 5.0 

12100 J 10500 J i 03m 
4.0 UL 4:o UL 4.0 
3.0 U 3:o u 3.0 

21.2 B 10.8 B 17.4 

UL 
u ’ 
J 
U 
K 
J 
U 
UL 
U 
B 
U 
J 

U 
U 
J 
UJ 
UL 
J 
UL 
LJ 
El 



1’ 

CT0 159 NAWC WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATION 

TN AQLJEOLJS TOTAl MCTALS (~4.) 1 

(‘IlENT ID: W-RB-11 
LABORATORY ID: 942275-26 

ANALYTE 

AI.lJMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLILJM 
CADMILJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANQANESE 
MERCURY 
NICKEL 
POTASSILJM 
SELENIUM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRCi 

200 
60.0 
10.0 
200 
5.0 
5.0 

5000 
10.0 
50.0 
25.0 
100 

3.0 

IDL 

330 33.0 u 
34.0 34.0 UL 

3.0 3.0 u 
7.0 7.0 u 
1.0 1.0 u 
3.0 3.0 u 
7.0 122 El 
7.0 7.0 u 
4.0 4.0 u 
6.0 6.0 U 
5.0 46.9 B 
1 .o 1.3 

27.0 34.6 B 
1.0 1.0 u 

0.10 0.13 u 
7.0 7.0 u 

10.0 10.0 u 
4.0 4.0 u 
5.0 5.0 u 

51.0 232 B 
4.0 4.0 u 
3.0 3.0 u 
3.0 36.3 

. 
6 1 a 



CT0 159 NAWC WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

(1. IENT ID. 
LABORATORY ID: 

ANALYTE 

AI.UMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMILJM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SRENIJM 
SLVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

CRDL 

200 
60.0 
10.0 

5.0 
5.0 

5000 
10.0 
50.0 
25.0 
100 
3.0 

5000 
15.0 
0.20 
40.0 

IDL 

33.0 45.9 
340 47.3 L 

30 3.0 u 
7.0 360 
1.0 1.0 u 
30 3.0 u 
7.0 33800 
7.0 7.0 u 
4.0 4.0 u 
6.0 6.0 U 
5.0 293 
1.0 1.0 u 

27.0 13600 
1.0 576 

0.10 0.13 u 
7.0 7.0 u 

10.0 636 
4.0 4.0 Ll- 
5.0 5.0 u 

51.0 10600 
4.0 4.0 u 
30 3.0 u 
3.0 3.0 u 

I ! 1 

W-MW-HN-28X W-MW-HN-291 
942275-21 942275-n 

33.0 u 225 20900 
34.0 UL 34.0 UL 34.0 

3.5 K 3.0 K 6.6 
342 216 253 
1.0 u 1.0 u 1.1 
3.0 u 3.0 u 3.0 

33500 54500 43500 
7.0 u 7.0 u 15.5 
4.0 u 4.0 u 16.6 
6.0 U 7.7 K 79.2 

276 206 B 15400 
1.0 u 1.0 u 6.1 

13500 15200 33700 
575 67.6 1640 

0.13 u 0.14 u 0.13 
7.0 u 7.0 u 25.7 

796 2000 2040 
4.0 u 4.0 LL 4.0 
5.0 u 5.0 u 5.0 

10400 22400 17400 
5.1 4.0 u 410 
3.0 u 3.0 u 21:7 
3.0 u 71.3 47.0 

W-MW-HN-2% W-MW-HN-2QX W-MW-HN-34X. 
942275-23 942275-24 942275-25 

I t I I 

UL 
K 

U 

B 

B 

U 
El 

LL 
U 

U 

99.5 
34.0 UL 

5.4 K ' 
265 
1.0 LJ 
3.0 II 

27800 
7.0 u 
4.1 B 
7.6 K 
120 B 
2.1 B 

7570 
13.5 
0.13 u 

7.0 u 
665 
4.0 u 
5.0 u 

0550 
4.0 u 
3.0 u 

46.2 
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CT0 169. NAWC, WARMINSTER, PENNSYLVANIA 
CEIMIC CORPORATtON 

CLIENT ID: I 
LABORATORY ID: 

ANALYTE 

alpha -6 HC 
beta --B HC 
delta-BHC 
gamma-BHC (LINDANE) 
HEPTACHLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
END OSULFAN I 
DIELDRI N 
4.4’-DDE 
ENDRIN 
ENDOSULFAN II 
4.4’-DOD 
ENDOSULFAN SULFATE 
4,4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha -CHLORDANE 
gamma -CHLORDANE 1 
TOXAPHENE 
AROCLOR -1016 

AROCLOR - 1221 AROCLOR - 1232 
AROCLOR - 1242 
AROCLOR - 1248 
AROCLOR - 1264 
AROCLOR- 1260 

CRQL 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 

. 0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 

::: 
1.0 
1.0 
1.0 
1.0 

MDL 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

0.10 
0.020 
0.020 
0.010 
0.010 

1.67 
0.33 
0.67 
0.33 
0.33 
0.33 
0.33 
0.33 

W-MW-HN27S W-MW-HN34S W-RB12 r 
940286 - 08 940286 - 09 940286 - 12 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

r 0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 .UL 
0.10 ,UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL ’ 
2.0 UL . 
1.0 UL 
1.0 UL 0 
1.0 UL 
1.0 UL 
1.0 UL 

. 

DILUTION FACTOR: 1.0 1.0 1.0 
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CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC ~oRPo~A~oN- 

CLIENT ID: 
LABORATORY ID: 

ANALYTE 

alpha -Et HC 
bela -B HC 
delta-BHC 
gamma--BHC (LINDANE) 
HEPTACHLOR 
ALDRtN 
HEPiACHLOR EPOXIDE 
ENDOSULFAN I 
DIELDRIN 
4.-t’-DDE 
ENDRIN 
ENDOSULFAN II 
4.4’~-DOD 
ENDOSULFAN SULFATE 
4.4’-DDT 
ME‘THOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha-C HLOADANE 
gamma-CHLORDANE 
TOXAPHENE 
AROCLOR-lo16 
AROCLOA - 1221 
AROCLOR - 1232 
AROCLOR - 1242 
AROCLOR-1248 
AROCLOR - 1254 
AROCLOR-1260 

, 

CRQL MDL 

0 050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 

0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.50 0.10 

8$ 
0.020 

O.d50 
0.020 
0.010 

0.050 0.010 
5.0 1.67 

::“o 
0.33 
0.67 

1.0 0.33 
1.0 0.33 

I:X 
0.33 
0.33 

1.0 0.33 

W -FBCl W -FBC2 
940206-01 940285- 02 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
O.d50 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

0.050 u 
0.050 u 
0.050 u 
g.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 'u 

I 

W-MW-HN26l W-MW-HN26S W-MW-HN271 
940286 -06 940286-06 940206 - 07 . 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL, 
0.10 UL, 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

0.050 UL 
0.050 UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL’ 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

0.050 uz 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.b UL 
2.0 UL 
1.0 UL 
1.0 ’ UL 
1.0 UL 
1.0 UL 
1.0 UL 

~X.UTION FACTOR: 1 1 .o 1.0 1.0 1.0 1.0 -- 



CT0 169, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATtON 

CLIENT to. 
LABORATbRY IO: 

.W’-RB.-f, 

940276 - 26 

ANALYTE 

alpha-BHC 
beta-BHC 
delta-BHC 
gamma--BHC (LINDANE) 
HEPTACHLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFAN I 
DtELDRlN 
4.4’-DDE 
ENDRIN 
ENDOSULFAN II 
4.4’-DOD 
ENDOSULFAN SULFATE 
4.4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha-c HLORDANE 
gamma - CHLORDANE’ 
TOXAPHENE 
AROCLOR-lo16 
AROCLOR-1221 
AROCLOR - 1232 
AROCLOR-1242 
AROCLOR - 1248 
AROCLOR - 1254 
AROCLOR - 1260 

CRQL MOL 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 

LX 

0.010 0.050 UL 
0.010 0.050 UL 
0.010 0.050 UL 
0.010 0.050 UL 
0.010 0.050 UL 
0.010 0.050 UL 
0.010 0.050 UL 
0.010 0.050 UL 
0.020 0.10 UL 
0.020 0.10 UL 
0.020 0.10 UL 
0.020 0.10 UL 
0.020 0.10 UL 
0.020 0.10 UL 
0.020 0.10 UL 

0.10 0.50 UL 
0.020 0.10 UL 
0.020 0.10 UL 
0.010 0.050 UL 
0.010 0.050 UL 

1.67 5.0 UL 
0.33 1.0 UL 
0.67 2.0 UL 
0.33 1.0 UL 
0.33 1.0 UL 
0.33 1.0 UL 
0.33 1.0 UL 
0.33 1.0 UL 

DlLUTtON FACTOR: 1.0 

1 I I I I I I t 



CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CElMtC dORPOdATlON 

1 

CLIENT ID: 
LABORATORY ID: 

W-MW-HN-28XW-MW-HN-291 W-MW-HN-295W-;W-HN-29XW-MW--HN-34X 
940276 - 21 940276 - 22 940276 - 23 940276 - 24 940276 .- 26 . 

ANALYTE CRQL MDL 

nlptta --6 HC 0.050 0.010 0.050 
belu-BHC 0.050 0.010 0.050 
delta-BHC 0.050 0.010 0.050 
gamma-BHC (LINDANE) 0.050 0.010 0.050 
HEPTAC HLOR 0.050 0.010 0.050 
ALDRtN 0.050 0.010 0.050 
HEPTACHLOR EPOXIDE 0.050 0.010 0.050 
ENDOSULFAN I 0.050 0.010 0.050 
DIELDRIN 0.10 0.020 0.10 
4.4’--DDE 0.10 0.020 0.10 
ENDRtN 0.10 0.020 0.10 
ENDOSULFAN II 0.10 0.020 0.10 
4.4’ --DOD 0.10 0.020 0.10 
ENDOSULFAN SULFATE 0.10 0.020 0.10 
4.4’-DDT 0.10 0.020 0.10 
METHOXYCHLOR 0.50 0.10 0.50 
ENDRIN KETONE 0.10 0.020 0.10 
ENDRIN ALDEHYDE 0.10 0.020 0.10 
alpha-c HLORDANE 0.050 0.010 0.050 
gamma-CHLORDANE 0.050 0.010 0.050 
TOXAPHENE 5.0 1.67 5.0 
AROCLOR-1016 1.0 0.33 1.0 
AROCLOR - 1221 2.0 0.67 2.0 
AROCLOR-1232 1.0 0.33 1.0 
AROCLOR - 1242 1.0 0.33 1.0 
AROCLOR-1248 1.0 0.33 1.0 
AROCLOR-1254 1.0 0.33 1.0 
AROCLOR-1260 1.0 0.33 1.0 

I I I I 

:: 
U 

u” 
U 
U 

“u 
U 
U 

:: 
U 
U 
U 

z 
U 

t-i 
U 

t 
U 
U 

t 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 

:i 
1:o 
1.0 

1.8 
l:o 

U 

u” 

i 
U 

E 
U 
U 
U 

E 

:: 
U 
U 
U 
U 
U 

:: 

:: 
U 
U 
U 
U 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50, 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

UL 

2 
UL 
UL 
UL 
UL 
UL 

Et: 

k 

E 
UL 
UL 
UL 
UL 
UL 
UL 
UL 

ik 
UL 
UL 
UL 
UL 
UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.b UL 
1.0 UL 
1.0 ’ UL 
1.0 UL 
1.0 UL 
1.p UL 

0.050 u 
0.050 u 
0.050 u -, . 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
010 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

i?ii.UTlON FACTOR: I 1.0 1.0 1.0 1.0 1.0 



CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

I 
iCi AQUEOUS PESiiCiDES/PCB’s (ug/i) 

CLIENT ID: 
LABORATORY ID: 

ANALYTE 

alpha-BHC 
bela -B HC 
delta-BHC 
gamma-BHC (Ll.NDANE) 
HEPTAC HLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFAN I 
DIELDRIN 
4.4’-DDE 
ENDRIN 
ENDOSULFAN II 
4.4’-DDD 
ENDOSULFAN SULFATE 
4.4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE ’ 
ENDRIN ALDEHYDE 
alpha -CHLORDANE 
gamma-CHLORDANE 
TOXAPHENE 
AROCLOR-1016 
AROCHLOR-1221 
AROCLOR- 1232 
AROCLOR - 1242 
AROCLOR-1248 
AROCLOR - 1264 
AROCLOR-1260 

CRQL 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 

MDL 

0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

0.10 
0.020 
0.020 
0.010 
0.010 

1.67 
0.33 
0.67 
0.33 
0.33 
0.33 
0.33 
0.33 

W-MW-HN-241 W-MW-HN-24SW-MW-HN-24XW-MW-HN-281 W-MW-HN-285 
940276 - 14 940276 - 16 940276 - 16 940276 - 19 940276 - 20 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 
1.0 

I:X 

ii 
‘U 

: 

s 
U 
U 

:: 
U 

:: 
U 

i 
U 
U 
U 

: 
U 
U 
U 
U 
U 
U 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 
1.0 
1.0 

I:X 
1.0 

i:: 
UL 

2 
UL 
UL 
UL 
UL 

l- 

EL 

2 

& 
UL 
UL 
UL 

i:: 
UL 
UL 
UL 

2 
UL 

0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL, 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 III 

--. 
DILUTION FACTOR: 1.0 1.0 1.0 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0,050 u 
0.050 u 

5.0 u 
1.0 u 
2:o u 
1.0 u 
1.0 u 

1*8 i 
l:o u 

0.050 JJL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.24 J 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

1.0 



I i I I I I I i I I 

1 

CT0 159. NAWC, WARMtNSTER. PENNSYLVANIA 
CEIMIC CORPORATlON 

TCL AQUEOUS PESTtCIDES/PCB’s (II(J,‘L) 

CLIENT ID: 
LABORATORY ID: 

ANALYTi 

alpha -El HC 
bela-BHC 
delta-BHC 
gamna -BHC (LINDANE) 
HEPTAC HLOR 
ALDRIN 
HEPTACHLOR EPOXIDE 
ENDOSULFAN t 
DtELDRlN 
4.4’ -DDE 
ENDRIN 
ENDOSULFAN II 
4.4’--ODD 
ENDOSULFAN SULFATE 
4.4’-DDT 
METHOXYCHLOR 
ENDRIN KETONE 
ENDRIN ALDEHYDE 
alpha -CHLORDANE 
gamma - CHLORDANE 
TOXAPHENE 
AROCLOR-1016 
AROCHLOR-1221 
AROCLOR- 1232 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR -1264 
AROCLOR-1260 

W-MW-DG-16 W-MW-DG-28 W-MW-HN-231 W-MW-HN-23SW-MW-HN-23X 
940276 - 07 940276 - 10 940276 - 11 940276 - 12 940276 - 13 

CRQL MDL 

0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 
0.050 0.010 

0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.10 0.020 
0.50 0.10 
0.10 0.020 
0.10 0.020 

0.050 0.010 
0.050 0.010 

5.0 1.67 
1.0 0.33 
2.0 0.67 
1.0 0.33 
1.0 0.33 

I:X 
0.33 
0.33 

1.0 0.33 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 
0.050 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 

0.050 u 
0.050 u 

5.0 u 
1.0 u 
2.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 
1.0 u 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 

. t :“o 
1.0 

1:: 

0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 
0.050 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.50 
0.10 
0.10 

0.050 
0.050 

5.0 
1.0 
2.0 - 
1.0 
1.0 

Ifi 
l:o 

0.050 UL 
0.050 UL’ 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 
0.050 UL 

0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.10 UL 
0.50 UL 
0.10 UL 
0.10 UL 

0.050 UL 
0.050 UL 

5.0 UL 
1.0 UL 
2.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 
1.0 UL 

--- 
- DILUTION FACTOR: 1.0 1.0 1.0 1.0 1.0 
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CT0 169. NAWC, WARMINSTER, PENNSYLVANIA 

CLIENT ID: W -FBCl W -FBC2 W-MW-HN261 W-MW-HN26S W-MW-HN271 
LABORATORY ID: 940286-01 940286-02 940286-06 940286-06 940286 - 07 

ANALYTE MDL 

2.4-DINITROPHENOL 
4-NITROPHENOL 
DIBENZOFURAN 
2.4-DINITROTOLUENE 
DIETHYL PHTHALATE 
4-CHLOROPHENYL-PHENYL ETHER 
FLUORENE 
4-NITROANILINE 
4.6-DINITRO-2-METHYLPHENOL 
N- NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYL ETHER 
HEXAC HLOROBENZENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-n-BUTYLPHTHALATE 
FLUORANTHENE . . 4 
CARBAZOLE 
PYR ENE 
BUTYLBENZYLPHTHALATE 
3.3’-DICHLOROBENZIDINE 
BENZO(a)ANTHRACENE 
CHRYSENE 
BIS(P-ETHYLHEXYL)PHTHALATE 
DI - n -0CTYLPHTHALATE 
BENtO(b)FLUORANTHENE 
BENtO(k)FLUORANTHENE 
BENZO(a)PYRENE 
INDENO(l,2,3-cd)PYRENE 
DIEENZO(a,t~)ANTHRACENE 
BENZO(g.h.l)PERYLENE 

2.5 
2.5 

I 
1 

1 
2.5 
2.5 

1 

1 
2.5 

I 
1 

25 U 25 U 25 U 
25 U 25 U 25 U 
IO u 10 u IO u 
10 u 10 u IO u 
IO u 10 u IO u 
10 u 10 u 10 u 
IO u IO u 10 u 
25 U 25 u 25 U 
25 U 25 u 25 U 
10 u 10 u 10 u 
10 u 10 u IO u 
IO u IO u IO u 
25 U 25 U 25 U 
IO u IO u IO u 
IO u IO u IO u 
IO u 10 u 10 u 
10 u IO u 10 u 
10 UJ 10 UJ 10 UJ 
10 u IO u IO u 
10 u IO u 10 u 
10 UJ IO UJ 10 UJ 
10 u 10 u 10 u 
10 u 10 u 10 u 
10 u 10 u IO u 
IO u IO u IO u 
IO u 10 u IO u 
10 u IO u IO u 
10 u IO u IO u 
IO u 10 u IO u 
10 u IO U IO u 
10 u 10 u 10 u 

25 U 
25 U 
10 U 
10 u 
IO u 
10 u 
10 u 
25 11 
25 U 
10 u 
10 u 
IO u 
25 U 
IO u 
IO u 
10 u 
10 u 
IO UJ 

,I0 u 
.I0 u 
10 UJ 

18 z 

I:, : 
.I0 u 
10 u 
IO u 
IO u 
10 u 
IO u 

25 u, 
25 U 
10 UL 
IO UL 
IO UL 
10 UL 
IO UL 
25 UL 
25 u 
10 UL 
10 UL 
IO UL 
25 U 
10 UL 
10 UL 

1: JUL 

;b! 2 
10 UL 
10 UL 
10 UL 
10 UL 

2 B 
10 UL 
10 UL 
10 UL 
10 UL 
10 UL 
IO UL 
10 UL 
-- 

DILUTION FACT0.R: 1.0 1.0 1.0 1.0 1.0 
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CT0 169. NAWC, WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATlON 

TCL,4Q!JEOL!S SEM!-VOLP.T!LE ORGAN!& @g/L) 

CLIENT ID: 
LABORATORY ID: 

W-MW-DG-16 W-MW-DG-28 W-MW-HN-231 W-MW-HN-23SW-MW-HN-23X 
940276-07 940276-10 940276-11 940276-12 940276-13 

ANALYTE MDL 

2.4-DINITROPHENOL 
4 -NITROPHENOL 
DIBENZOFURAN 
2.4-DINITROTOLUENE 
DIETHYL PHTHALATE 
4-CHLOROPHENYL-PHENYL ETHER 
FLUORENE 
4-NITROANILINE 
4.6-DINITRO-P-METHYLPHENOL 
N- NITROSODIPHENYLAMINE 
4-BROMOPHENYL-PHENYL ETHER 
HEXACHLOROBENZENE 
PENTACHLOROPHENOL 
PHENANTHRENE 
ANTHRACENE 
DI-n-BUTYLPHTHALATE 
FLUORANTHENE 1 
CARBAZOLE 
PYRENE 
BUTYLBENZYLPHTHALATE 
3.3’ -DICHLOROBENZIDINE 
BENZO(a)ANTHRACENE 
CHRYSENE 
BIS(2-ETHYLHEXYL)PHTHAlATE 
DI-n-OCTYLPHTHALATE 
BENZO(b)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(a)PYRENE 
INDENO(1.2.3-cd)PYRENE 
DIBENZO(a,h)ANTHRACENE 
BENZO(g.h.l)PERYLENE 

2.5 
2.5 

1 

1 
2.; 
2.5 

1 

1 
2.5 

1 
1 

1 
1 

1 
1 

1 

1 

1 
1 

1 
1 

25 u 25 U 25 U 
25 u 25 U 25 U 
10 UL IO u 10 u 
IO UL 10 u 10 u 
10 UL 10 u 10 u 
10 UL 10 u 10 u 
IO UL IO u 10 u 1 
25 UL 25 U 25 U 
25 U 25 U 25 U 
IO UL IO u IO ti 
10 UL 10 u 10 Ij 
10 UL 10 u 10 u 
25 U 25 U 25 U 
IO UL 10 u IO u 
10 UL IO u 10 u 
10 UL 10 u IO u 
10 UL 10 u 10 u 
IO UL IO u 10 u 
10 UL IO u 10 u 
IO UL 10 u 10 u 
IO UL 10 u 10 u 
10 UL 10 u IO u 
IO UL 10 u 10 u 

12, EL 1: : 1: !I 
10 UL 10 u 10 u 
10 UL 10 u 10 u 
IO UL 10 u 10 u 
10 UL 10 u 10 u 
IO UL IO u 10 u 
IO UL IO u 10 u 

E 
U 

i 
U 

i 

:: 

E 
U 
U 
U 
U 
U 
U 
U 

s 
U 

:: 
U 
U 
U 
U 

E 
U 

25 U 
25 U 
IO u 
IOU . 
10 u 
10 u 
IO u 
25 U 
25 U 
IO u 
IO u 
IO u 
25 u 
IO u 
IO u 
IO u 
10 u 
10 u 
10 u 
IO u 
IO u 
10 u 
10 u 

1: EJ 
10 UJ 
10 UJ 
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CT0 169. NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATION 

TCI. AQUEOUS SEMI-VOLATILE ORGANICS (ug/L) 

CLIENT ID: W-MW-DG-16 W-MW-DG-28 W-MW-HN-23lW-MW-HN-23SW-MW-HN-23X 
LABORATORY ID: 940276-07 940276 - IO 940276 - 11 940276 - 12 940276 - 13 

ANALYTE CRQL MDL 

PHENOL 
BlS(2-CHLOROETHYL)ETHER 
2-CHLOROPHENOL 
1.3-DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
l.2-DICHLOROBENZENE 
2 -METHYLPHENOL 
2.2’-OXYBIS(i -CHLOROPROPANE) 
4 -METHYLPHENOL 
N-NITROSO-Dl-n-PROPYLAMINE 
HEXAC HLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2--NlTROPHENOL 
2.4-DIMETHYLPHENOL 
BlS(z-CHLOROETHOXY)METHANE 
2.4-DICHLOROPHENOL . , 
1.2,4-TRICHLOROBENZENE 
NAPHTHALENE 
4-CHLOROANILINE 
HEXAC HLOROBUTADIENE 
4 -CHLORO-3-METHYLPHENOL 
2 -METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIENE 
2.4.6-TRICHLOROPHENOL 
2,4.5-TRICHLOROPHENOL 
2-CHLORONAPHTHALENE 
2-NITROANICINE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2.6-DINITROTOLUENE 
3 -NlTROANlLlNE 
ACENAPHTHENE 

1: 
10 
10 

f: 

18 
10 

1: 

;: 

l’i 
IO 
IO 

1: 
10 
10 
10 
IO 
10 

:z 
10 
25 
IO 
10 
10 
25 
IO 

1 

t 
1 

1 

t 
1 

1 

1 

1 

1 

1 
1 
1 

1 

1 
2.5 

I 1 
2.5 

1 
1 

2.5 
1 

10 u 10 U 10 u 10 u 
10 UL IO u IO u 10 u 
IO u 10 u IO u 10 u 
IO UL IO u IO u 10 u 
IO UL 10 u 10 u 10 u 
IO UL 10 u 10 u 10 u 
10 u 10 u IOU , IO u 
IO UL 10 u 10 u IO u 
IO u 10 u IO u 10 u 
10 UL IO u IO u IO u 
10 UL 10 u IO u * IO u 
10 UL IOU IO u 10 u 
10 UL 10 u 10 u 10 u 
10 u 10 u IO u IO u 
10 U IOU IO u 10 u 
10 UL 10 u IO u IO u 
10 u 10 u IO u 10 u 
IO UL 10 u IO u 10 u 
10 UL 10 u 10 u 10 u 
10 UL 10 u 10 u IO u 
IO UL IO u 10 u IO u 
10 u 10 u IO u 10 u 
10 UL 10 u IO u IO ‘u 
10 UL IO u 10 u IO u 
10 u 10 u 10 u 10 u 
25 U 25 U 25 U 25 U 
10 UL 10 u 10 u IO u 
25 UL 25 U 25 U 25 U 
10 UL IO u 10 u 10 u 
IO UL IO u IO u 10 u 
10 UL 10 u 10 u IO u 
25 UL 25 U 25 U 25 U 
10 UL 10 u 10 u 10 u 

10 u . 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
IO u 
10 u 
IO u 
10 u 
IO u 
10 u 
IO u 
10 u 
25 U 
10 u 
25 U 
10 u 
10 u 
10 u 
25 U 
IO u 
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CT0 169, NAWC. WARMINSTER. PENNSYLVANIA 
CEIMIC CORPORATtON 

TCI AQUEOUS SEMI-VOLATILE ORGANICS (ug/L) 

CLIENT ID: 
LABORATORY ID: 

A NALYTE 

PHENOL 
BlS(2-CHLOROETHYL)ETHER 
2-CHLOROPHENOL 
1.3-DICHLOROBENZENE 
1.4-DICHLOROBENZENE 
1.2-DICHLOROBENZENE 
2 -METHYLPHENOL 
2.2’-OXYBIS(1 -CHLOROPROPANE) 
4 -METHYLPHENOL 
N- NITROSO-DI -n-PROPYLAMINE 
HEXACHLOROETHANE 
NITROBENZENE 
ISOPHORONE 
2--NITFtOPHENOL 
2.4-DIMETHYLPHENOL 
BlS(2-CHLOROETHOXY)METHANE 
2,4-DICHLOROPHENOL. 
1.2.4-TRtCHLOROBENZEtiE 
NAPHTHALENE 
4 -CHLOROANlLINE 
HEXACHLOROBUTADIENE 
4-CHLORO-3-METHYLPHENOL 
2 -METHYLNAPHTHALENE 
HEXACHLOROCYCLOPENTADIENE 
2,4,6-TRICHLOROPHENOL 
2.4.6-TRICHLOROPHENOL 
2 -CHLORONAPHTHALENE 
2-NtlROANlLlNE 
DIMETHYLPHTHALATE 
ACENAPHTHYLENE 
2.6-DINITROTOLUENE 
3 -NtTROANlLtNE 
ACENAPHTHENE 

W-MW-HN-281 W-MW-HN-28s 
940275-19 940276-20 

MDL 

1 
1 
i 
1 . 
1 
1 
1 
1 

1 

1 

1 
I 
1 

1 

; 
1 

1 
1 

2.5 
1 

2.5 

1 
1 

2.5 

10 u 10 U 
10 u IO u 
IO u IO u 
10 u IO u 
IO u IO u 
10 u 10 u 
10 u IO u 
IO u IO u 
10 u IO u 
10 u 10 u 
10 u IO u 
10 u 10 u 
10 u IO u 
10 u 10 u 
IO u 10 u 
IO u 10 u 
10 u IO u 
10 u 10 u 
10 u IO u 
10 u 10 u 
IO u 10 u 
IO u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
25 U 25 U 
10 u IO u 
25 U 25 U 
10 u 10 u 
IO u IO u 
IO u 10 u 
25 U 25 U 
10 u 10 u 
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CLIENT CLIENT JOB NUMBER JOB NUMBER 

/JAI@ c /lbwy CLEAti- czo IS? - w lclotM1 N/L N/L 

SUBJECT SUBJECT 

BASED ON BASED ON 

I?* R*o* GILBuq /?87 

*&A ?$$s?$s CHECKED BY .-- 
I 

DRAWING NUMBER 

APPROVED BY DATE 



CHECKED BY APPROVED BY 



* 

Y 

0 

c 



11 
12 
13 
14 
15 

16 
1: 
18 

:; 

21 
22 
23 
14 
25 

26 
i? 
i8 

:'c 

Table A2 Quantiles of the f Distribution (Values of f Such That lOOp% 
of the Distribution Is Less Than 

.325 

.289 

.27? 

.271 

.267 

.265 

.263 

.26Z 

.261 

.260 

.260 

.259 

.254 

.256 

.256 

.258 

.i57 
- .257 

.257 

.257 

.257 

.256 

.256 

.2SE 

.256 

.256 

.256 

.256 

.256 

.256 

.255 

.254 

.254 

.253 

.127 

.617 

.584 

.563 

.559 

.553 

.549 

.546 

.543 
.542 

.540 

.539 

.538 

.53? 

.536 

.535 

.53r. 

.534 

.5X3 

.533 

.53? 

.532 

.532 

.531 

.531 

.531 

.531 

.530 

.53c 

.530 

.529 

.527 

.526 

.524 

1.376 
1.061 

.97a 

.941 
,920 

.906 

.896 

.889 

.883 

.879 

.076 

.873 

.870 

.868 

.866 

.865 

.663 

.862 
,861 
.060 

.859 
,856 
.E58 
.85i 
.8SE 

.856 

.855 
,855 
.854 
.854 

.BSl 

.646 

.845 

.842 

3.078 
1.886 
1.638 
1.533 
1.476 

1.440 
1.415 
1.39; 
1.383 
1.372 

1.363 
1.356 
1.350 
1.345 
1.341 

1.337 
1.333 
1.330 
1.328 
1.325 

1.323 
1.3ii 
1.319 
1.318 
1.316 

1.315 
1.314 
1.313 
1.31; 
1.310 

1.303 
1.296 
1.289 
1.282 

6.311. 
2.920 
2.353 
2.132 
2.015 

1.943 
1 .a95 
1.660 
1.833 
1.812 

1.796 
1.78i 
1.771 
1.761 
1.753 

1.746 
1.740 
1.734 
1.729 
1.725 

1.721 
1.717 
1.714 
1.711 
1.708 

1.706 
1.303 
1.701 
1 .699 
1.697 

1.684 
1.671 
1.658 
1.645 

12.706 
4.303 
3.18i 
1.776 
2.5ii 

:.447 
2.365 
2.3OE 
2.26i 
2.22b 

2.201 
i.179 
2.16G 
:.145 
5.131 

:.12c 
2.110 
?.I01 
2 .OVj 
i.086 

2.G8C 
I.074 
2.069 
2.064 
2.060 

2.056 
2.052 
T.046 
2.045 
2.042 

2.0:1 
2 .ooo 
1.980 
1.560 

31.621 
6.965 
4.541 
3.747 
3.365 

3.143 
2.996 
2.896 
?.EZl 
2.764 

2.716 
2.681 
2.650 
2.624 
2.602 

2.583 
2.567 
2.55: 
2.539 
2.526 

2.518 
2.5C6 
?.5OC 
2.492 
2.4e5 

2.479 
2.473 
2.467 
2.462 
2.457 

2.423 
2.390 
2.356 
2.326 

Source: From Fisher and Yates. 1974. Used by permission. 

2.787 

2;750 

2.576 



O/O Confidence Limit 

51 101 

1.301 1.295 
1.324 1.314 
1.354 1.339 
1.390 1.371 

.434 1.409 

.48S 1.454 

.541 1.504 

.604 1.560 

.672 1.621 

.745 1.686 

.946 1.066 

: 

i166 2.066 
.402 2.273 
.648 2.503 
.163 2.374 

3.637 3.463 
4.242 3.365 
4 .i96 4.474 
5.354 4.989 
S.916 5.308 

7.046 6.555 
9.186 7.607 
9.329 8.665 ' 
10.48 9.723 
Il.62 10.79 

Confidence Limit on 

51 101 

.278 -1.279 

.275 -1.280 
,280 -1.287 
,289 -1.301 
.304 -1.313 

,324 -1.342 
.349 -1.370 
,377 -1.403 
409 -1.439 

.44S -1.478 

.S47 -1.389 
,063 -1.716 
790 -1.855 
928 -2.003 

.::3 -2.321 

.S36 -2.657 
864 -3.007 
200 -3.366 
542 -3.731 
889 -4.100 

594 -4.849 
307 -5.607 
026 -6.370 
740 -7.136 
474 -7.306 
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Table A12 Values of H, --. = H0.95 for Computing a One-Sided Upper 95% Confidence Limit 
on a Lognormal Mean 

n 

‘ 3 5 7 10 12 15 21 31 51 101 

0.10 2.730 2.035 1.886 1.802 1.775 1.749 1.722 1.701 1.684 1.670 
0.20 3.235 2.198 1.992 l.EBl 1.843 1.809 1.771 1.742 1.718 1.637 
0.30 4.109 2.402 2.123 1.977 1.927 1.882 1.833 1.793 1.761 1.733 
0.40 5.220 2.651 2.282 2.089 2.026 1.968 1.903 1.856 1.813 1.777 
0.50 6.435 2.347 2.465 2.220 2.141 2.068 1.989 1.328 1.876 1.830 

0.60 7.807 3.267 2.673 2.3@ 2.271 2.181 2.083 2.010 1.946 1 .a91 
0.70 9.120 3.662 2.904 2.532 2.414 2.306 2.191 2.102 2.025 1.960 
0.80 10.43 4.062 3.135 2.710 2.570 2.443 2.307 2.202 2.112 2.035 
0.90 11.74 4,470 3.420 2.902 2.738 2.589 2.432 2.310 2.206 2.117 
1.00 13.05 4.905 3.696 3.103 2.915 2.744 2.564 2.423 2.306 2.205 

1.25 16.33 6.001 4.426 3.633 3.389 3.163 2.323 2.737 2.580 2.447 
1.30 19.60 7.120 5.184 4.207 3.836 3.612 3.311 3.077 2.861 2.713 
1.75 22.87 8.250 5.960 4.735 4.422 4.081 3.719 3.437 3.200 2.997 
2.00 26.14 9.387 6.747 5.336 4.362 4.364 4.141 3.812 3.533 3.2% 
2.50 32.63 11.67 8.333 6.621 6.067 5.557 5.013 4.508 4.226 3.920 

3.00 33.23 13.97 3.343 7.864 7.191 6.570 5.307 3.388 4.347 4.563 
3.30 45.77 16.27 11.56 9.118 8.326 7.536 6.815 6.201 5.681 5.233 
4.00 52.31 18.58 13.18 10.38 3.469 8.630 7.731 7.024 6.424 5.908 
4.50 58.85 20.88 14.80 11.64 10.62 3.663 6.652 7.aS4 7.174 6.590 
5.00 65.39 23.19 16.43 12.91 11.77 10.71 3.573 8.688 7.323 7.277 

6.00 78.47 27.61 19.68 15.45 14.08 12.81 11.44 10.36 3.443 8.661 
7.00 91.35 32.43 22.34 18.00 16.39 14.90 13.31 12.05 10.98 10.05 
8.00 104.6 37.06 26.20 20.53 18.71 17.01 15.18 13.74 12.51 11.45 
9.00 117.7 41.68 23.46 23.10 21.03 19.11 17.05 15.43 14.03 12.85 

10.00 130.8 46.31 32.73 25.66 23.35 21.22 16.93 17.13 13s9 14.26 

Source: After Land. 1975. 

This table is used in Section 13.2. 

Table Al3 Values of H, = Ho.,, for Computing a One-Sided Lower 5% Confidence Limit 
on a Lognormal Mean 

n 

s 3 5 7 10 12 15 21 31 51 101 

0.10 -2.130 -1.806 -1.731 -1.690 -1.677 -1.666 -1.655 -1.648 -1.644 
0.20 

-1.642 
-1.949 -1.729 -1.678 -1.653 -1.646 -1.640 -1.636 -1.636 -1.637 

0.30 -1.816 -1.669 
-1.641 

-1.639 -1.627 -1.625 -1.625 -1.627 -1.632 -1.638 -1.648 
0.40 -1.717 -1.625 -1.611 -1.611 -1.613 -1.617 -1.625 -1.635 -1.647 -1.662 
0.50 -1.644 -1.594 -1.594 -1.603 -1.609 -1.618 -1.631 -1.6)6 -1.663 -1.663 

0.60 -1.389 -1.573 -1.384 -1.602 -1.612 -1.625 -1.643 -1.662 -1.663 -1.711 
0.70 -1.549 -1.560 -1 .yI? -1.608 -1.622 -1.638 -1.661 -1.686 -1.713 
0.80 -1.321 -1.353 

-1.744 
-1.586 -1.620 -1.636 -1.656 -1.685 -1.714 -1.747 

0.90 -1.502 
-1.783 

-1.336 -1 .s95 -1.637 -1.656 -1 .a0 -1.713 -1.747 
1.00 

-1.785 -1.826 
-1.490 -1.362 -1.610 -1.638 -1.681 -1.707 -1.743 -1.764 -1.827 -1.074 

1.23 -1.486 -1.5% -1.662 -1.727 -1.736 -1.793 -1.842 -1 .a93 -1.949 -2.012 
1.50 -1.508 -1.650 -1.733 -1.814 -1.853 -1.8% -1.95-3 -2.020 
1.75 -1.547 

-2.091 -2.169 
-1.719 -1.819 -1.916 -1.962 -2.015 -2.068 -2.164 -2.247 

2.00 -1.598 -1.799 
-2.341 

-1.917 -2.029 -2.083 -2.144 -2.230 -2.318 -2.416 -2.526 
2.30 -1.727 -1.986 -2.138 -2.283 -2.331 -2.430 -2.540 -2.654 -2.700 -2.921 

3.00 -1.880 -2.199 -2.384 -2.560 -2.644 -2.740 -2.074 -3.014 -3.169 -3.342 
3.50 -2.031 -2.423 -2.647 -2.655 -2.953 -3.067 -3.226 -3.391 -3.574 
4.M) -2.237 -2.672 

-3.780 
-2.922 -3.161 -3.275 -3.406 -3.589 -3.779 -3.990 -4.228 

4.30 -2.434 -2.924 -3.206 -3.476 -3.605 -3.753 -3.960 -4.176 -4.416 -4.683 
3.00 -2.630 -3.163 -3.497 -3.730 -3.941 -4.107 -4.336 -4.579 -4.847 -3.148 

6.00 -3.062 -3.713 -4.092 -4.455 -4.627 -4.027 -5.106 -5.337 '-5.721 -6.006 
7.00 -3.499 -4.?60 -4.699 -5.123 -5.323 -5.559 -3.886 -6.227 -6.601 -7.036 
8.00 -3.945 -4.812 -5.313 -5 .a00 -6.031 -6,300 -6.674 -7.066 -7.502 -7.992 
9.00 -4.397 -3.371 -5.336 -6.482 -6.742 -7.04s -7.468 -7.909 -8.401 -8.933 

10.00 -4.852 -5.933 -6.560 -7.168 -7.458 -7.794 -6.264 -8.753 -9.302 -9.918 

Source: After Land. 1975. 
_.. 
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Table A6 Coefficients ai for the Shapiro-Wilk W Test for Normality 

0.0000 0.0561 

Source: From Shapiro and Wilk. 1965. Used by permission. 
This table is used in Section 12.3.1. 
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Table A6 (continued) -. 

” 31 32 33 34 35 36 37 38 39 40 
1 

1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964 

io - O.OOW 0.0049 

\n 41 42 43 44 45 46 47 48 49 M 



- - 

23 
24 
25 
26 

n 

a 
9 

10 

:: 
13 
14 
15 
16 
17 
18 
19 
20 

2 

27 
28 
29 
30 
31 
32 
33 
34 

:: 
37 
38 
39 
40 
41 
42 
43 
L4 
45 
46 
47 
48 
49 
50 

MO.01 

0.753 
0.687 
0.606 
0.713 
0.130 
0.749 
0.764 
0.781 
0.792 
0.805 
0.814 
0.823 
0.635 
0.644 
OASl 
0.858 
0.663 
0.860 
0.873 
0.878 
0.881 
0.884 
0.886 
0.891 
0.894 
0.896 
0.898 
0.900 
0.902 
0.904 
0.906 
0.908 
0.910 
0.912 
0.914 
0.916 
0.917 
0.919 
0.920 
0.922 
0.923 
0.924 
0.926 
0.927 
0.928 
0.929 
0.929 
0.930 

uo.02 

0.756 
0.707 
0.713 
0.743 
0.760 
0.778 
0.791 
0.806. 
0.8'17 
0.926 
0.837 
0.846 
0.855 
0.863 
0.669 
0.874 
0.879 
0.884 
0.880 
0.892 
0.895 
0.898 
0.901 
0.9c4 
0.906 
0.908 
0.910 
0.912 
0.914 

E:: 
0:919 
0.920 
0.922 
0.924 
0.923 
0.527 
0.928 
0.929 
0.930 
0.932 
0.933 
0.934 
0.933 
0.936 
0.937 
0.937 
0.938 

wo.05 

0.767 
0.740 
0.762 
0.788 
0.803 
0.818 
0.829 
0.342 
0.850 
0.659 
0.866 
0.074 
0.881 
0.887 
O.E92 
0.897 
0.901 
0.903 
0.908 
0.911 
0.914 
0.916 
0.918 
0.920 
0.923 
0.924 
0.926 
0.927 
0.929 
0.930 
0.931 
0.933 
0.934 
0.935 
0.936 
0.938 
0.939 
0.940 
0.941 
0.942 
0.943 
0.944 
0.943 
0.945 
0.946 
0.947 
0.947 
0.4k7 

"0.10 wo.50 

0.709 ' . c .959 
0.792 _ 0.935 
O.t@ 0.927 
OS26 0.927 
0.838 0.928 
0.651 0.932 
0.839 0.933 
0.869 0.938 
0.876 0.940 
0.863 0.943 
0.889 0.945 
0.095 0.947 
0.901 0.950 
0.906 0.952 
0.910 0.954 
0.914 0.956 
0.917 0.937 

-- .̂, ,/.‘ 

0.920 0.959 
0.923 0.960 
0.926 0.461 
0.928 0.962 
0.930 0.963 
0.931 0.964 
0.933 0.965 
0.935 0.965 
0.936 0.966 
0.937 0.966 
0.939 0.967 
0.9kO 0.967 
0.941 0.968 
0.942 0.968 
0.943 0.969 
0.942 0.969 
0.943 0.970 
0.946 0.970 
0.947 0.571 
0.948 0.971 
0.949 0.9i2 
0.950 0.972 
0.551 
0.951 0.973 
0.952 0.973 
0.953 0.973 
0.953 0.974 
0.954 0.974 
0.95h 0.974 
0.955 0.974 
0.955 0.974 

Source: After Shapiro and Wilk, 1965. 
The null hypothesis of a normal distribution is rejected at the a significance level if the calculated W is less than 

WC.. 
This table is used in Section 12.3.1. 
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Dose = 
C w,,m x IngR x EF x ED 

BWxAT 

Where: Dose = 

C “DT = 

IngR = 

EF = 

ED = 

BW = 

A-l- = 

Dose estimate (mg/Kgday) 

Groundwater exposure concentration (mg/L) 

Ingestion rate (L/day) 

Exposure frequency (days/year) 

Exposure duration (years) 

Body weight (kg) 

Averaging time (period of time over which exposure is averaged - days) 

c 
Dose = 

,,xPCxSAxETxEFxEDxCF 

BWxAT 

Where: Dose = Absorbed chemical dose (mg/Kgday) 

c = I,W Groundwater exposure concentration (mg/L) 

PC = Dermal permeability constant of chemical (cm/hour) 

SA = Skin surface area available for contact (cm*) 

CF = Conversion Factor (L/I O3 cm3) 
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6 CHECKED BY APPROVED BY 

I 

Dose = 
SxKxlnhRxEFxEDxCF 

BWxATxR, 

and 

K = 0, + exfJ 
-R, Y D, 

_ exP 
J%@‘, - DJ 

Ra Ra 

Where: Dose 

S 

InhR 

EF 

ED 

BW 

AT 

4 

K 

D, 

D, 

CF 

Inhalation exposure dose (mg/Kgday) 

Volatile Chemical Generation Rate kg/m’-min) 

Inhalation Rate (L/min) 

Exposure Frequency (day“) 

Exposure Duration (years) 

Body Weight (Kg) 

Averaging Time (period of time over which exposure’ is averaged - days) 

Air exchange Rate (min.‘) 

Constant (min) 

Shower Duration (min) 

Total Time in Bathroom (min) 

Conversion Factor (1 0.6 mg-m3/pg-L) 

Hazard Quotient (Ha) = s 
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Incremental Cancer Risk (ICR) = Dose x CSF 

I If the above equation results in a risk greater than 0.01, the following equation is used: 

/CR = 1 - exp(-w* X CsF) 

Reference Doses 

RfDd RfD,, = - 
A BSG, 

Cancer Slope Factors 

CSF,,, = CSF, x ABS,, 
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SUMMARY OF EXPOSURE ASSESSMENT INPUT PARAMETERS 
RESIDENTIAL GROUNDWATER EXPOSURES - AREA C 

NAWC WARMINSTER, PENNSYLVANIA 

r 

Parameter 

Chemical concentration in 
groundwater (C,,) 

Groundwater ingestion rate 
(WV 

Air inhalation rate (InhR) 

Dermal permeability constant 
PC) 

- 
Value Rationale/Source 

Maximum chemical-specific Conservative value for risk 
concentration (mg/L) assessment 

2 L/day (adult) USEPA, December 1989 
1 L/day (child) and March 25, 1991 

20 ml/day Outdoorair respiration rate/ 

(4 Vwin USEPA, March 25, 1991 

Chemical specific value (cm/hr) USEPA, January 1992 

Skin surface area available for 
contact (SA) 

Volatile chemical generation 
rate (S) 

inhalation exposure time 
constant (K) 

19,400 cm’ (adult) 
7,280 cm’ (child) 

Chemical specific rate 
bg/m’-min) 

41.6 min 

USEPA. May 1989 and 
December 1989 

Foster and Chrostowski, 
1987 

Calculated value 

Exposure time (ET) 0.25 hr Estimate of time spent in 
shower 

Exposure frequency (EF) 350 days/yr USEPA, December 1989 
and March 25, 1991 

Exposure duration (ED) 30 yr (adult) USEPA, December 1989 
6 yr (child) and March 25, 1991 

Body weight (BW) 70 Kg (adult) USEPA, December 1989 
15 Kg (child) and March 25, 1991 

4veraging time (AT) ED x 365 days/yr (noncarcinogens) USEPA, December 1989 
70 yr x 365 days/yr (carcinogens) and March 25, 1991 

3athroom air exchange rate 0.0083 min.’ Foster and Chrostowski, 
:W 1987 

rime spent in shower/bath (D,) 15 min Estimated value 

rime spent in bathroom (D,) 20 min Estimated value 
- 
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c-1 IFNT 1 JOBNUMBER 

I 
< 

EPA, May 1989. Exnosure Factors Handbook. EPA/600/8-89/043, Office of Health and 
Environmental Assessment, Washington, D.C. 

EPA, December 1989. Risk Assessment Guidance for Sunerfund - Volume I: Human Heall 
Evaluation Manual (Part A) - Interim Final. EPA/540/i-89/002. Office of Emergency and 
Remedial Response, Washington, D.C. 

EPA, January 28, 1993. Risk Assessment Issue Paper for Trichloroethene. Tetrachloroethene, 
and StvreneEPA, January 1991. Health Effects Assessment Summarv Tables - Annual - ‘a 
1991. OERR 9200.6-303(91.1), Office of Emergency and Remedial Response; Washington, 

D.C. 

EPA, January 1992. Derrnal Exuosure Assessment: Princioles and Aunlications - Inter&r 
EPA/600/8-91/011B, Offtce of Health and Environmental Assessment, Washington, Report. 

D.C. 

. 

Foster, S.A., and Chrostowski, P.C., 1987. “Inhalation Exposures to Volatile Organic 
Contaminants in the Shower. ” 80”’ Annual Meeting of the Air Pollution Control Association, 
New York, New York, June 1984. 



ISK ASSESSMENT SPRV\DSHEET - EXPOSURES TMIOUGH HOUSEHOLD USE OF GROUNDWATW 
1 

ITE NAME: NAWC WPAMINSTER 
3CATION: AREAC - O”rlerasldenlmaxmlm PCE mncenkatbn 
ATE: 06/06/94 

iVARD ,ND,CESAND INCREMENTALCANCW RISKS ARE CALCUtATEDBV ON THEFOLLO’MM SPREADSHEETS. THREE MPOSlRE ROUTES PRE CONSIDWED: 
IQESTION OF GROUNDWATER INHALATIONOF “OLATlLES DURIE33 SHOWERINGBATHIM. AND DERMALCONTACT WHILE SHOWERING,SATHING. 
?SUMPTlONS ARE OUTLINED BELOW. 

KPOSURE SCENARIO: 

EFERENCES EPA, DECEMBER 1989 
FOSTER AND C~OSTGWSK,. ,987 

IDESTION: IEX = (CxRxEFxED),(BWxAT) INHALATION’ IM = (SxA xerED)/(BWxATxRax,E3)x(Ds+ EXP(-RaxD)/Ra- EXP(Rax(Da-Dt)),Ra) 

WHWE: C = GROUNDWATW CONCENTRATION (MO/C) WHERE: S = VOtiTILEORGANIC CHEMICALGENBIATIONAATE (UGICUBIC METERlMlEP 
R = INSESTION RATE (LlTwS/DAY, R = INHALATION RATE (LITERS/MIY 
EF = EXPOSURE FREQUENCY (DAYSMEAR) Dr = SHOWER DURATION (MN) 
ED = EXPOSLRE DURATtON (YEARS) Ra = AIR EXCHANGERATE (IIMIN) 
BW=BODVWElGHT(KG) Dt = TOTAL DURATION IN SHOWW ROC,., (Ml,, 
AT = AVERAGING TIME (DAYS+ BW = BODY WEIGHT (KG) 

S” = SHOWER ROOM AR VOLUME (m--3) 
ERMALCONTACT: DEX = (CxPC xAVXETX E xED)/(BWxATx ,000) A = IDEALQAS LAW CONSTANT(ATM-M”3/MOVQ 

EF = EXPOSURE FREQUENCY (DAYSNEAR) 
WHERE C = GROUNDWATEF! CONCENTRATION (MG/L) ED = MPOSLRE DURATION (YEARS) 

PC = THE PERMEPBILITV CONSTANT CF CHEMICAL (CM,kR) AT = AVERAGlNG TIME (DAVSj 
A”= THE SKlNSLRFACEAAEAAVAllPBLEFCR CONTACT(CM*Z) 
ET = MPOSURE TIME (tfS/DAY) 
EF = EXPOSURE FREGUENCV(DAVS,YEAR) 
ED = MPOSLRE DURATION (YEARS) 
BW = BODY WEIGHT (KG) 
AT = AVERAGlNG TIME (DAYS) 

IPUT PPRAMETERS 

IGESTION ADULT MPOSURE DWMAL CONTACT: ADULT EXPOSURE 

R: 2 way CONVWSION AV. 10400 CnQ CONVWSION 
EF: 354 days/y FACTCR (NONCAR) = 2.748-02 ET: 0.25 h FACTCFI (NONCAR) J 8.64E-02 
ED: MY EF: 350 days&r 
BW: 70 Kg CONVERSION ED- 30 Y CONVERSION 
AT(NON) 10050 days FACTCR (CARCINj = l.l,E-02 BW: 70 Kg FACTCA (CARCIN) = 2.85E-02 
AT(CAR): 25550 days AT(NOI): 10950 days 

AT (CM): 25550 days 

1HALATlON ADULT MPOSURE 

R: 14 m3,kay d’ 1 mm 
Bw: 70 Kg B’ 23ec 
ca’ 15 rnh Tl: 283 K 
Dt: 20 rnh Tf: 316 K 
Ra 0.0063 l/In” Ml’ 0.9.32 centtmbe 
SW J lZrn3 MC? 0616 cenl~be 

ED: 3.3 Y T: 293 K 
R’ 0.000082 ah-m3,ml-K FR: IO L/mh 
EF: 350 days&x AT: 10950 (NONCAR) 25550 (CPRCIQ 

1 i 
i ! 
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ALCULATE DOSES’ I s 

QW CONC. MOLECULAR HENRYS LAW MASS TRANSFER 
HEYICAL (W-A) 

DERMAL PWM. 
WEK3HT CONSTANT 

AR CONCENTRATION 
COBFICIENT (KA) CONSTANT WA- MINRISHOWER) 

etschbroemene 003, 166.63 2.68E-02 134E+01 4.80E-02 1.65E-03 
O.OOE+OO O.OOE+OO 
O.WE+OO O.OOE+W 
O.OOE+OO O.OOEtOO 
o.wE+oo O.WE+W 
O.OOEtOO o.ooE+w 
o.OOE+oo O.OOE+w 
0 WE+00 O.WEtW 
O.WE+OO O.OOE+W 
O.OOE+W O.OOE+W 
0 OOE+OO O.OOE+OO 
O.OOE+OO o.ooEtw 
0.00E+00 O.OOE+W 
O.OOE+oO O.WEtOO 
0 ooE+oo O.OOE+W 
O.WE+W O.OOE+W 
0 OOEtW o.ooE+w 
0 OOE+OO O.OOEtW 
O.OOE+OO O.OOEtW 
O.OOE+OO o.wE+w 
0 OOEtOO 0 ooE+w 
0 OOE+OO o.wE+w 
O.WE+oO O.WE+OO 
O.OOE+W O.OOE+W 
O.OOE+OQ O.OOE+W 
O.OOE+OO O.WE+W 
o.ooE+w O.WE+W 
o.wE+oo O.WE+W 
0 WE+00 O.OOE+W 
O.OOE+OO O.WE+OO 
O.WE+OO O.OOEtW 
0 oOE+OO O.WE+W 
0 OOE+OO O.OOEtOO 
O.OOE+OO O.OOE+OO 
0 WE+00 O.OOE+OO 
O.OOE+OO 0.00E+00 
0.00EfOO O.OOE+W 
0 WE+00 O.WEtOO 
O.OOE+OO O.OOE+W 
O.OOE+OO O.OOE+W 
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I 

ILCULATE HAZPRD INDICES: 

I 

ANNUAL ANNUAL ANNUAL 
IffiESTION DERMAL INHALATION INGESTION DERMAL INHALATION 

4EMICAL 
HAZARD INDEX 

DOSE DOSE 
HAZARD INDEX HAZARD INDEX 

DOSE RID RID RfD 
TOTAL 

IM3ESTION DEAMAL INHALATION HAZARD INDEX 

~kaot!broethene 8 49E-W 9 ME-05 %iEE-04 l.OOE-02 ,.OOE-02 l.OOE-02 
0 OOE+OO 

S.&‘E-02 %89E-03 
0 OOEtOO O.OOE+OO 

3 16E-02 1 ZBE-01 

O.OOE+OO 
O.OOE+OO 

0 OoE+OO 
o.OOE+Oo 

O.OOE+OO 
O.OOEtOO 0 OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
0.00E+00 O.OOE+OO 

o.OOE+OO 
O.OOE+OO 

0.00E+00 
0 OOE+OO 0 OOE+OO 

O.OOE+OO O.OOE+OO 
O.OOE+OO 

0 OOE+OO 

o.wE+oo 
O.OOE+OO 

0 OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 0 OOE+OO 

0 OOEtOO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO O.OOE+Oo 

o.OOE+OO 
O.OOE+OO 

0 WE+00 
O.OOE+OO 

O.OOE+W 
O.OOE+OO O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+W 

O.OOE+OO 
O.OOEtOO 

O.OOE+OO 
O.OOEtOO O.OOE+OO 

O.WE+OO 
O.OOE+OO 0.00E+00 

0 OOE+OO o.OOE+OO 
O.OOEtOO O.OOE+OO 

0 WE+00 
0.00EtOO 0.00E+00 

O.OOE+Oo O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+oO 
O.OOE+OO 

O.OOE+OO 
O.OOECOO O.OOE+OO 

O.OOE+OO 
O.WE+OO 

o.wE+Oo 
O.OOE+OO O.OOE+Oo 

0 WE+00 o.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO 
O.WE+OO 

0 OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOEtOO O.OOE+OO 

0 wE+00 
0 WE+00 

O.OOE+OO 
O.OOE+OO O.OOE+OO 

o.OOE+OO 
O.OOE+OO 

0 WE+00 
O.OOE+OO O.OOE+OO 

0 OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OQE+OO 
O.OOE+OO O.WE+OO 

0 OOE+OO o.OOE+OO 
O.OOE+W O.OOE+OO 

0 OOE+OO 
O.OOE+OO O.OOE+OO 

0 ooE+oo 
0 OOEtOO 

0 OOE+OO 
O.WE+OO 

0 WE+00 
0.00E+00 O.OOE+OO 

0 OOEtOO 
0.00E+00 

O.OOE+OO 
0 OOE+OO 

0 WE+00 
O.OOE+OO 

0 OOE+OO 
O.OOE+OO 0 OOEtOO 

0 OOE+OO 
O.OOE+OO 

0 OOE+OO 
O.OOE+OO 

0 OOE+OO 
O.OOE+OO 

O.OOE+OO 
0 OOE+OO O.OOE+OO 

O.OOE+OO 
0.00E+00 

0 OOE+OO 
O.OOE+OO 

o.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO 
0 WE+W 

0.00E+00 
o.wE+oo 

O.OOE+OO 
0 OOE+oO 

O.OOE+OO 
O.OOE+OO 

OOOE+oo 0 OOEtOO 
O.OOE+OO O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

0 WE+00 
O.OOE+OO O.OOE+OO 

0 OOE+OO O.OOE+OO 
O.OOE+OO O.OOEtOO 

O.WE+OO 
O.OOE+OO 

0 ooE+oo 
O.OOE+OO O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
0 OOE+OO 0 OOEtOO 

O.OOE+OO 0 OOE+OO 
O.OOE+OO 

O.OOE+OO 

O.WE+OO 
O.OOE+OO 

O.OOE +OO 0.00E+00 
O.OOE+OO O.OOE+OO 0.00E+00 

O.OOE+OO 
O.OOE+OO 

0 WE+00 
o.OOE+OO O.OOE+OO . 

O.OOE+OO 
0.00E+00 

O.OOE+OO 
0 WE+00 

O.OOEtOO 
O.OOEtW 

O.OOE+OO 
o.ooE+oO 

O.OOE+OO 
O.OOE+OO 

0 WE+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

o.wE+oo 
O.OOEtOO O.OOE+OO 

0 OOE+OO O.OOE+OO 
O.OOE+OO 0.00Et00 

0 WE+W 
0 WE+00 0 OOE+OO 

O.OOE+OO O.OOE+OO 
o.OOE+OO 

O.OOE+OO 
O.OOE+OO 

0 COE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 

0 OOE+OO 
0 OOE+OO 

O.WEtOO 
o.wE+oo 0 ooE+oo 

o.OOE+OO O.OOE+OO 
O.OOE+OO 

0.00E+00 
O.WE+W 

O.COE+OO 
0.00E+00 

0 OOECW 
O.OOE+OO 

o.OOE+OO 
0 OOEtOO 

O.ooE+w 
O.OOE+OO O.OOE+OO 

o.OOECOO o.wE+Oo 
O.OOE+OO 

OOOEtOO 
o.wE+oo 

O.WE+OO 0 OOEtOO 
o.OOE+OO O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.WE+OO 
O.WE+OO 

O.OOE+OO 
0 OOE+OO 

O.OOE+OO 
o.OOE+OO 

O.OOEtOO 
O.WE+OO 

0 WE+00 O.WE+OO 
O.OOE+OO O.OOE+OO O.OOE+W 

O.OOE+OO O.OOE+OO o.OOE+OO O.OOE+OO O.OOE+OO 

3TAL HAZPRD INDEX 6.491-02 BBSE-03 3.188--02 ,.28E- 01 
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‘ 

ALCULATEIN~~EMENTALCANCW RISK 
Y 

LIFETIME A”‘3 LFETIME AVQ LiFETIME AVG CSF CSF 
HEMlCAL 

CSF 
INGESTION DOSE DWMAL DOSE 

CANCER RISK CANCER RISK CANCER RISK 
INHAIATION DOSE INOESTlON DER MAL 

TOTAL 
INHA,ATION INGESTION DERMAL INHALATION CANCER RISK 

aractioettlene 3 64E-94 4 24E-05 1 JSE-O-4 5.20E-02 5.208-02 
0 OOE+W 

2 OOE-03 1 89E-05 
0 OOE+OO 

2.20E-06 
0 OOE+Oo 

2.7lE-07 2,,4E-05 

0 WE+W 
0.00E+00 

0 ooE+oo 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 0 OOE+OO 

O.OOE+OO 
O.OOE+oo 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO o.oE+w 

O.WEtOO 
O.OOE+OO 

O.OOE+W O.OOE+OO 
o.ooE+OO O.OOE+OO O.OOE+OO 

O.ooE+w O.OOE+W 
O.OOE+OO o.ooE+Oo 

O.OOE+OO 
O.OOE+OO O.OOE+W 

0.00E+00 O.oOE+w 
0 OOE+OO O.OoE+OO 

O.oOE+OO 
O.OOE+OO O.OOE+W 

O.OOE+W 
O.OOE+OO 

0.00E+00 
O.OOE+OO 

o.OOE+OO 
O.OOE+W O.OOE+W 

0 WE+W O.OOE+OO 
O.OOE+OO O.OOE+OO 

0.00E+00 
O.OOE+OO O.OOE+OO 

0 OOE+w 
O.OOEtoo 

O.OOE+OO 
O.WE+OO 

0 OOE+OO 
O.WECW o.WE+w 

O.OOE+w 
O.OOE+OO 

O.OOE+OO O.OOE+OO 
o.ooE+OO O.OOE+OO O.OOE+W 

0 WE+w 
O.OOE+OO 

0 OOE+OO 
O.ooE+OO 

O.OOE+OO 
O.OOE+W o.OOEtOO 

O.WE+W 
0 OOEtOO 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO o.oOEtOo 

0 WE+W 
O.OOE+OO 

0 OOE+OO O.OOE+OO 
O.ooE+OO O.OOE+OO O.OOEtOO 

O.OOE+W 
O.OOE+OO 

0 OOE+W 
0.00E+00 

O.OOE+OO 
O.OOE+OO o.OOE+OO 

0 WE+W 
0.00E+o0 

0 OOE+W 
O.OOE+OO 

0 OOE+W 
O.OOE+OO 0 WE+00 

O.OOE+W 
O.OOE+OO 

O.OOE+W 0 WE+00 
O.ooE+OO O.OOE+OO O.OOE+W 

O.WE+W 
O.OOE+OO 

O.WE+OO 
O.ooE+OO 

O.OOE+W 
O.OOE+W O.oOEtOO 

O.WE+W 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

O.OOE+W 
O.OOE+OO 0.00E+00 

O.WE+W 
0 OOE+OO 

0 OOEtW O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00E+OO 

0 WE+W O.OOE+W 
O.OOE+OO O.ooE+OO 

o.wE+W 
O.OOE+OO O.oOE+OO 

0 WE+W 
O.OOE+oo 

O.OOE+W 
O.QOE+OO 

O.OOE+W 
0 OOE+OO 0 ooE+oo 

O.WE+W 
O.oOE+OO 

O.OOE+W 
0.00E+00 

O.OOE+W 
0 OOE+OO O.OOE+W 

O.WE+W 
O.OOE+OO 

O.OOE+OO 
O.OOE+oO 

0.00Et00 
O.OOE+OO o.ooE+W 

O.WE+W 
0 OOEtOO 

O.OOE+W 0 oOE+OO 
O.OOE+OO 0 OOECOO O.OOE+OO 

0 WE+00 0 OOE+W 
O.OOE+OO 

O.OOE+OO 
o.ooEtw O.OOE+OO O.OOE+W 

0 WE+W 
O.OOE+OO 

O.OOE+W 
O.OOE+OO 

o.oOE+w 
0 OOE+OO O.oOE+OO 

o.wE+w O.WE+W 
O.OOE+OO 

0 WE+00 
O.OOE+OO 0 OOE+OO O.OOE+W 

O.WE+W 
O.OOE+OO 

O.OOE+W O.OOE+W 
O.OOE+w 0 OOE+OO 0.00E+00 

0 WE+W O.OOE+W 
0 OOE+OO O.OoEtOO 

o.oOE+W 
O.OOE+OO 0 OOE+W 

O.OOE+OO 
0 WE+W O.OOE+W O.oOE+W 

O.OOE+OO O.OOECOO O.OOE+OO 

O.WE+W 
O.OOE+OO 

0 OOE+w O.OOE+OO 
0 00Et00 O.OOE+OO 0 oOE+OO 

O.WE+W 
O.OOE+Oo 

O.OOE+W 
O.OOE+OO 

O.oOE+OO 
O.OOE+OO O.OOE+W 

0 WE+W 
O.OOEtOO 

O.OOE+W O.OOE+W 
0.00E+00 O.OOE+OO O.OOEtW 

O.WE+w 
O.OOE+OO 

O.OOEtw 
0 OoE+OO 

O.OOE+OO 
O.OOE+W 0.00Etw 

0 OOEtW 
O.OOE+OO 

O.OOE+W 
O.OOE+OO 

O.OOE+OO 
O.WE+OO 0 OOE+OO 

O.WE+W 
O.OOE+OO 

O.OOEtC.3 O.OOE+OO 
0.00E+00 O.OOE+OO O.OOE+W 

O.WE+W 
O.OOE+OO 

O.OOE+W 
O.ooE+OO 

O.OOE+W 
O.OOE+OO 0 OOE+W 

0 WE+04 
O.OOEtOO 

O.OOE+W 
O.OOE+OO 

o.ooE+W 
O.OOE+OO O.OOE+W 

O.wE+W 
O.OOE+OO 

O.OOE+OO O.OOE+OO 
0 00Et00 O.OOE+OO 0 OOE+OO 

O.OOE+OO 0 00Et00 O.OOE+OO o.oOE+W 

DTAL RISK ,.S9E-05 2.2OE-00 2.71 E- 07 2.14E-05 



ISK ASSESSMENT SPRFADSHEET - EXPOSURES TCROUGH HOUSEHOLD USE OF GROUNDWATW 

I 
ITE NAME: NAWC WPRMlNSTER 
DCATION: AREA C - OHacleresh’enlmaxh~m PCEmncenta,k,n 
ATE: 06,08,94 

AZARD INDICES AND INCREMENTALCANCW RISKS ARE CALCULATEDBY ON THEFOLLOWlN3 SPREADSHEETS. THREE DSOSUREROUTES PRE CONSIDWED: 
lGESTlON OF GROUNDWATER. INHALATION OF VOLATILES DURIM SHOWERINGBATHI~, AND DERMAL CONTACT WHlLE SHOWER,NG,SATH,NG. 
SSUMPTIONS AREOUTLINED BELOW. 

XPOSURE SCENARIO: 

EFERENCES: EPA, DECEMBER 1989 
FOSTER AND CHIOSTOWSKI. 198, 

IGESTION- IEX = (CxRxEFxED)/(BWxAT) INHALATION: IEX = (SxR xS xED)~EWxATxRaxlE3)x(Ds+ MP(-RaxDt/Ra- EXP(Rax(Ds-Dt))fiJ 

WHERE: C = GROUNDWATER CONCENTRATION (MGiIj WHERE: S = VOLATILEORGANIC CHEMICALGENWATIONRATE (UG/CUSIC METER/,&N 
R = IN3ESTION RATE(LITWS,DAY) R = INHAVITION RATE (LlTERS,Ml~ 

EF = EXPOSURE FREQUENCY (DAYSA’EAR) Ka = SHOWER DURATION (MINI 
ED = O[POSCRE DURATION (YEAR?, Ra = AIR EXCHANGERATE (l/MIN) 
EW = BODY WElGHT (KG) Dt = TOTAL DURATION IN SHOWW ROOM (Ml,, 
AT = AVERAGING TtME (DAYS SW = BODY MIGHT (KG) 

SV= SHOWERROOM AR VOLUME(nf*3) 
ERMALCONTACT: DM = (CxPC XAVX ET x EF x ED)@WxAT x ,000, R = IDEALGAS LAWCONSTANT(ATM-M”3,MWQ 

EF = EXPOSURE FREQUENCY (DAYSnEAR) 
WHERE C = GROUNDWATW CONCENTRATION (MG/kJ ED = MPOSVRE DURATION (YEAR9 

PC = THE PWMVIBILITY CONSTANT CF CHEMICAL (CM/tR) AT = AVERAGING TlME (DAYS) 

AV = THE SKIN SLRFACEAREAAVAILMLE FCR CONTACT (C&J-*2) 
ET = EXPOSURE TIME (H?S/DAY) 
EF = EXPOSURE FREQUENCY (DAYSMAR) 
ED = EO’OSWE DURATION (YEAR9 
SW = BODY WEIGHT (KG) 
AT = AVERAGING TIME (DAY9 

lPUT P~AMETERS. 

IGESTION: CHILG EXPOSLRE DERMAL CONTACT: CHILD EXPOSURE 

R: 1 Lkfay CONVERSION AV: 7280 cm2 CONVWSION 
EF: 350 daysty FACTCR (NONCAR) = 6 39E-02 ET: 0.25 h FACTOR (NONCAR) = l.lBE-01 

ED: BY EF: 390 dayr/y 
Ew: 15 Kg CONVERSION ED: BY CONVERSION 
AT(NON)’ 2190 days FACTCR (CARCIN) = 5.48E-03 BW: 15Kg FACTCFI (CARCIY = 9.97E-03 
AT(CAR) 25550 days AT(NOE)- 2180 days 

AT (CAR) 25550 days 

IHALATION. CHILD MPOSURE 

R: 
Ew: 
C6: 
D1 
RX 
S” 
ED: 
*: 
EF: 

0 m%iay 
15 Kg 
15mn 
20 nlh 

0 0063 l/m” 
12m3 

30 Y 
0 WOO82 a,“,-r,,3,“mCK 

350 daytry 

d’ 
h 
TI: 

Tr: 
hf,: 
kA2: 

T: 
FR: 
AT: 

1 mm 
2685 

293 K 
318 K 

0 982 centboke 
0 616 cenlPke 

293 K 
10 Llmh 

to950 (NONCAR) 

i 



ISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE OF GROUNDWATER (PABE TWq 

:ALCULATE DOSES: 

:HEMICAL 

I 

QW CONC. MOLECULPR HENRYS LAW MASS TRANSFW 

(MQN WEIQHT CONSTANT COEFFICIENT (KA, 

0.031 165.63 2.69E-02 1.34EtOl 
O.OOECOO 
0 oLE+oo 
O.OOE+OO 
O.OOE+OO 
0 ooE+oo 
O.OOE+OO 
0 00EC00 
O.OOE+OO 
O.OOE+OO 
O.WE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+Oo 
O.OOECOO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0 OOEtOO 
0 ooE+oo 
0.00E+00 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
0 ooE+w 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
0 OOE+W 
O.OOE+OO 
0 00E+00 
0 ooE+oo 
0 00E+00 
O.OOE+OO 
0 OOE+OO 
O.OOE+OO 
0 OOE+OO 

OERMALPWM. AR CONCENTRATION 
CONSTANT (MG-MINRISHOWER) 

4.80E-02 !.65E-03 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.WE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.WE+oo 
O.OOE+OO 
O.OOE+W 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.wE+OO 
O.OOE+OO 
O.OOE+W 
O.OOE+w 
O.OOEtw 
O.OOE+OO 
O.OOE+w 
O.OOE+W 
O.OOE+W 
O.OOE+W 
O.OOE+W 
0 OOE+OO 
O.OOE+W 
O.OOE+W 
O.OOE+W 
O.OOE+W 
o.ooE+w 
o.OOE+w 
O.WE+W 
0.00E+00 
o.ooE+w 
O.OOE+W 
0.00E+00 
o.OOE+OO 



ALCULATE HAZfflD INDICES 
ANNUAL ANNUAL 

IK1ESTION INHALATION 
DOSE DOSE 

ANNUAL 
DERMAL 

DOSE 

,.98E-03 O.OOEtOO 
0 OOE+OO 0 OOE+OO 
0 OOEtOO O.OOE+OO 
0 OOE+W 0.00E+00 
O.OOE+OO O.OOE+OO 
O.OOE+OO 0 OOEtOO 
O.OOE+OO O.OOE+OO 
0,00E+00 0.00E+00 
0.00E+00 O.OOE+OO 
O.OOE+OO O.OOE+OO 
0 WE+00 0 OOEtOO 
O.OOE+OO O.OOE+OO 
o.OOE+OO O.OOE+OO 
o OOECOO 0 OOEfOO 
0 OOE+OO 0.00E+00 
o.OOE+OO 0 OOEtOO 
0 OOEtOO O.OOE+OO 
o OOE+oO 0 OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.WE+OO 
0 OOE+OO 0 OOE+OO 
O.OOE+W O.OOE+OO 
0 OOE+OO 0 OOE+OO 
0 OOE+W 0 OOE+OO 
0 OOE+OO 0.00E+00 
0 WE+00 O.WE+OO 
o OOEtOO O.WE+OO 
o OOE+OO 0.00E+00 
O.OOE+OO O.OOE+OO 
o OOEfOO 0 OOEtOO 
0 OOEtOO O.WE+OO 
0,OOEtOO 0 OOECOO 
o.OOE+W 0 OOE+OO 
OOOE+W o.wE+oo 
O.WE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
0 ooE+oo O.OOE+OO 
O.OOE+W O.WE+OO 
0 OOE+OO 

173E-04 
0 OOE+OO 
O.OOE+OO 

0 OOE+oO 
0 OOE+OO 
0 OOE+OO 
O.OOE+OO 
0 OOECOO 
0 OOE+OO 
O.OOE+OO 
0 OOEtOO 
0 OOE+OO 
O.OOE+OO 
0 WE+00 
0 OOEtOO 
0 WE+00 
0.00E+00 
O.OOE+OO 
0 OOE+oo 
0 OOE+OO 
O.OOE+OO 
0 WE+00 
O.wE+OO 
0 OOEfOO 
0 WE+00 
0 WE+00 
O.WE+OO 
0 WE+00 
0 OOE+OO 
O.WE+OO 
0 WE+00 
O.OOE+OO 
O.WE+OO 
0 WE+w 
o.wE+oo 
O.OOE+OO 
0 WE+00 
O.wE+OO 
0 WE+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

oooE+w 0 WE+00 O.OOEtOO O.OOE+OO 0 OOE+w O.OOE+OO O.OOE+OO 

OTAL HAZPRD INDEX ISLIE-01 1.73E-02 O.WEt W Z.iSE-01 

ISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE CF GROUNDWATER (PAGE THREE, 

I 

,NGESTlON DERMAL INHALATION HAZARD INDEX 
RID RfD RID IKiESTlON 

1 OOE-02 1 OOE-02 1.00E-02 ,.98E-01 
O.OOE+OO 
o.ooE+w 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.WE+OO 
0 OOE+OO 
O.WEtOO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oo 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOECOO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+W 
O.OOE+OO 
O.OOE+OO 
o.ooE+w 
0 OOEtOO 
O.WE+OO 
O.OOE+OO 
O.OOECW 
O.OOE+OO 
O.WECW 
O.OOE+OO 

f 

HAZARD INDEX 
DERMAL 

1 73E-02 
O.OOE+OO 
O.OOE+OO 
0 OOEtOO 
O.OOE+OO 
0.00E+00 
O.WE+OO 
O.OOE+OO 
O.OOE+OO 
O.WE+OO 
O.WECOO 
O.OOE+oo 
O.OOE+OO 
O.OOE+OO 
0 oOE+OO 
O.OOE+OO 
O.OOE+OO 
O.WE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOECOO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.WE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oo 
O.OOE+OO 
O.OOE+OO 
O.OOE+Oo 
O.OOE+OO 

HAZARD INDEX 
INHALATION 

O.OOE+OO 
o.wE+oo 
O.OOE+OO 
0.00Et00 
0.00E+00 
O.OOE+OO 
o.OOE+00 
0.00E+00 
O.OOE+OO 
o.OoE+OO 
O.OOE+OO 
0.00E+00 
0.00E+00 
O.OoE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
0 ooE+oo 
0.00E+00 
0.00E+00 
O.ooE+OO 
0.00E+00 
O.OOE+OO 
0 ooE+oo 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
o.ooE+OO 
O.OoE+OO 
O.OOE+OO 
O.ooE+OO 
O.OoE+OO 
0.00E+00 
0 ooE+oo 
O.OOE+OO 
0.00E+o0 
O.OOE+oO 

- 

TOTAL 
HAZARD INDEX 

2 15E-01 
O.OOE+OO 
O.OOE+OO 
O.WE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+oo 
0 OOEtOO 
O.OOE+OO 
O.OOE+OO 
0 OOE+OO 
O.WE+OO 
O.OOE+OO 
0 OOE+OO 
0 OOE+oo 
0 OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 OOEtOO 
0 OOE+OO 
O.OOE+OO 
0.00E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 OOE+OO 
O.OOE+OO 
0 OOE+OO 
0 OOE+OO 
0 OOE+OO 
O.OOE+OO 
0.00E+00 

I , 
t 



RISK ASSESSMENT SPREADSHEET - EXPOSLRES TtROUQH HOUSEHOLD USE OF GROUNDWATER 
I 

SITE NAME: NAWC WMMINSTW 1 Y 

LOCATION: AREAC - Fulvereaident &IL 
DATE: 07,26/M 

HAZARD INDICES AND INCREMENTALCANCW RISKS ARE CALCULATEDBY ON THEFOLLOWlNG SPREADSHEETS. THREE EXPOSURE ROUTES ARE CONSIDERED: 
INGESTION OF GROUNDWATER. INHALATIONOF VOLATlLES OURI~ SHOWERINQBATHIN3. AND DERMAL CONTACT WHILE SHOWERINGBATHING. 
ASSUMPTIONS ARE OUTLINED BELOW. 

EXPOSURE SCENARIO: 

REFERENCES: EPA, DECEMBER ,889 
FOSTW AND Cti4OSTOWSKI. 1887 

INGESTION: IEX = ICXRXEFXED)/(EWXAT) INHALATION: IEX = (S X A x E= x ED)ABW xAT xRa x lE3)x(Os + EXP(-Rn xDt/Aa - EXP(Aax(Dt-Dt)),Ra) 

WHWE: C = QROUNDWATW CONCENTRATION (MQ,L) 
R = IN3ESTION RATE (LITERSIDA,, 
EF = EXPOSURE FREQUENCY (DAYS,YEAA) 
ED = EXPOSL47E DURATION (YEARS) 
SW = BODY WEIQHT(KQ) 
AT = AVERAQINQ TlME (DAYS) 

DM = (C~PC~AVXET~EXED)KBWXATX~~O) 

WHWE C = QROUNDWATER CONCENTRATION (MGA) 
PC = THE PWMEABILIN CONSTANT CF CHEMICAL (CM/m) 
AV- THE SKlNSLRFACEAFIEAAVAllPBLEF~ CONTACT(CM-*2) 
ET = EXPOSURE TIME (fflS/DAYl 
EF = EXPOSURE FRE&ENCY (bAYS,YEAR) 
ED = EG’OSLFIE DURATION (YEARS) 
BW = BODY WEIQHT(KQ) 
AT = AVERAQINQ TIME (DAYS 

INPUT PPRAMETERS: 

INQESTION: ADULT EXPOSURE 

fl: 2 way CONVERSION 

I EF: 333 daysty FACTffl (NONCAR) = 2.74E-02 
ED: WY 
BW: 70 Ko CONVWSION 
AT(NON,: 10950 d&s FACTm (CARCIN) = ,.17E-02 
AT(CARJ: 25554 days 

INHALATION: ADULT EXPOSURE 

S = VOLATILEORGANIC CHEMICALQENWATIONRATE (UQ/CUBIC METWlMt~ 
R = INHALATION RATE (LITWSIMIN) 
Cb = SHOWER DURATION (MIN) 
Ra = AIR EXCHANGE RATE (IIMIN) 
Dl= TOTAL DURATION IN SHOWR ROOM h4IN 
BW = BODY WEIQHT(KQ) 
BV = SHOWER ROOM AR VOLUME (nv.3) 
R = \DEALQABLAW CONSTANT(ATM-M’̂ 3/MWKJ 
EF = EXPOSURE FREQUENCY (DAYSNEAR) 
ED = MPOSURE DURATION (YEARQ 
AT = AVERAOINQ TIME (DAYQ 

DERMAL CONTACT: ADULT EXPCGURE 

AV: 
ET: 
EF: 
ED: 
EW: 
AT (NOM: 
AT (CPR) : 

19400 WI%? CONVERSION 
Olr FACTOR (NONCAR) = O.WE+W 

350 days& 

30 Y CONVERSION 
70 Kg FACTCA (CARCIt4 = O.wE+W 

10950 days 
25550 days 

Fl: 14 m3kiay 
Bw: 70 Kp 

c¶: 15mh 
Dt: X)mh 
Ra: 0 0063 l,mh 
BV: 12m3 
ED: WY 
R: O.WOO62 ah- m3hwl- K 
EF: 350 days&r 

d’ 
$: 
Tl: 
Ts: 
Ml: 
M2: 
T: 
FR: 
AT: 

Ifl?JT 
2‘c.C 

293 K 
316 K 

0 962 cent~be 
0.616 cent@abe 

293 K 
IOUmh 

10950 (NONCAR) 25550 (CpRCIFp 



IISK ASSESSMENT SPREADSHEET - 
dAWC WPRMINSTW 

HOUSEHOLD USE OF GROUNDWATER (PAGE TWC, 

WEA C - Fuhxe reskdent aduli 
ZALCULATE DOSES: 

GW CONC. 

(MQR) 

I s 
MOLECULCR HENRYS LAW MASS TRANSFER DERMALPWM. 

WEK3HT 
AR CONCENTRATlON 

CONSTANT COEFFICIENT (KA) CONSTANT (MG-MINR,SHOWER) 

0.005 165.83 2.69E-02 1.34E+Ol 4.80E-02 2.66E-o-4 
0.019 121.75 0 OOE+OO i.OOE-03 O.wE+W 

0.0041 74 92 O.OOE+OO l.OOE-03 O.OOEtW 
0.329 137.34 O.OOEtOO ,.OOE-03 O.OOEtW 

0.00066 9.01 O.OOE+OO 1.00E-03 O.OOEtW 

0.0024 112.4 O.OOEtoo i.OOE-03 O.OOEtW 

0.0066 51.99 0.00E+00 ,.OOE-03 o.wEtw 
0.0037 56.93 O.OOEtOO i.WE-03 O.WEtW 

0.0157 63.64 O.OOEtw l.OOE-03 O.WEtW 

1.6 54.94 O.OOE+OO ,.OOE-03 O.WE+W 
0 0022 204.37 O.OOE+W l.OOE-03 O.OOEtW 
0.0056 50 94 0 OOEtW ,.OOE-03 O.WEtW 

0225 65.36 O.OOE+OO i.WE-03 O.WE+w 
O.OOEtW O.WE+W 
O.OOE+OO O.WEtW 
O.OOEtW O.WEtW 

0 OOE+OO O.OOE+W 
O.OOEtOO O.WEtW 
O.OOEtW O.WE+W 
O.OOEtOO O.WEtW 
0.00Et00 O.wE+w 
O.WEtW O.WEtW 
O.OOE+OO O.WEtW 
O.OOEtOO O.WE+OO 
O.OOE+W O.WEtW 

0 ooE+w o.wri+w 
O.OOE+W O.WEtw 

0 wE+W O.WEtw 

0 OOE+W O.WE+W 
O.OOE+OO O.OOE+W 

0 OOE+W O.OOEtW 
O.OOE+W O.WE+W 
O.WE+OO O.WEtW 
O.OOE+OO O.WEtW 



IlSK ASSESSMENT SPREADSHEET - HOUSEHOLD USE OF QROUNDWATER (PASE THREE) 
IAWC WAAMINSTW 
,REA C - Fuhre retljent dull 
:ALCULATE HAZPRD INDICES: I 

ANNUAL ANNUAL 
IMESTION INHALATION 

:HEMICAL DOSE DOSE 

ANNUAL 
DERMAL 
DOSE 

etachbroethene f 37E-C-4 
“lhW”Y 5.2lE-04 
rtenlc l.lZE-04 
shl 9.01E-03 

1.81E-05 
&59E-05 
1.8lE-04 
l.OlE-04 
4.30E-04 
4.338-02 
6.03E-05 

af-d~m 1.53E-04 
hC 6.16E-03 

O.WE+W 
O.WE+W 
O.WEtW 
O.WE+W 
O.WE+W 
O.WE+W 
O.WE+W 
O.WEtW 
O.WE+W 
O.WE+W 
O.WEtW 
O.WE+W 
O.WEtW 
O.WE+W 
O.WEtW 
O.WE+W 
O.WEtW 
O.WEtW 
O.WEtW 
O.WE+W 

O.OOE+OO 
O.OOEtOO 
O.WEtOO 
o.wE+W 
O.OOEtOO 
O.OOEtW 
O.OOEtW 
O.OOEtOO 
O.OOE+W 
O.WE+OO 
O.WE+W 
O.WE+OO 
o.wEtoo 
o.wEtW 
O.WE+W 
O.WE+OO 
O.WEtW 
0 OOEtW 
o.wEtw 
O.WE+W 
O.OOE+W 
O.OOEtOO 
o.wE+w 
O.WEtW 
O.WEtW 
O.WEtW 
O.WEtW 
O.WEtOO 
O.OOEtW 
O.OOEtW 
O.OOE+W 
O.WEtW 
O.WE+W 

S.lOE-05 
O.OOE+OO 
0.00E+00 
0.00Et00 
O.OOE+OO 
0.0oE+00 
0 WE+00 
O.OOE+W 
o.WEtW 
0 WE+00 
O.OOEtW 
0 WEtW 
O.OOEtW 
O.WE+OO 
O.WEtW 
0 WE+00 
O.OOEtOO 
o.OOEtOO 
O.OOEtW 
O.WE+W 
0 wE+w 
0 WEtW 
O.WEtW 
O.WEtW 
O.WEtW 
O.WE+W 
0 WEtOO 
O.WEtW 
O.WE+W 
0 WE+00 
o WEtw 
O.OOE+W 
o.WE+W 

INQESTlON 
RID 

l.WE-02 
4 WE-04 
3.WE-9.4 
7.00E-02 
5.00E-03 
SOOE-04 
5.WE-03 (he?4 
8.WE-03 
4.WE-02 
5.00E-03 
8 OOE-05 
?.OOE-03 
3.00E-01 

DERMAL INHALATION 
RIO (GI PBS Xego) RID 

I.OOE-02(1WX) 
&OOE-03 (5%) 
J.l6E-‘%(95%) 
1.75E+OO (4%) i.OOE-04 
250E-01 (2%) 
2.50E-02 (2%) 
2SOE-01 (2%) 
1.331-02 (BOY.1 
8.00E-02 iSO%) 
4.67EtOO (3%) l.WE-05 
,.80E-03 (5%) 
7.0OE-01 (1%) 
1.20E+W (25%) 

HAZARD INDEX HAZARD INDEX 
IKiESTlON DERMAL 

1.37E-02 O.WEtOO 
O.WEtW 
O.WEtOO 
O.WE+W 
O.WE+OO 
O.WE+W 
O.WEtW 
O.WEtOO 
O.WEtOO 
O.WEtOO 
O.WEtW 
O.WE+OO 
O.WE+OO 
O.WE+W 
O.WEtW 
O.WEtW 
O.WEtw 
o.wEtw 
O.WEtOO 
O.WE+w 
O.WEtOO 
o.WEtoo 
O.WE+W 
O.WEtW 
o.WEtW 
O.WEtW 
O.WE+W 
O.WEtW 
o.WE+W 
O.WE+W 
O.WEtW 
O.WEtW 
O.WEtW 

1.30EtW 
3.74E-01 
1.23E-01 
3.62E-03 
1.32E-01 
3.828-02 
,.27E-02 
1.08E-02 
8.77Etw 
7x38-01 
2.19E-02 
2.05E-02 
O.WEtW 
O.wEtw 
O.WE+W 
O.WEtW 
O.WEtW 
O.WE+W 
O.WEtW 
O.wEtW 
O.WEtW 
O.WEtW 
O.WEtW 
O.WEtW 
O.wEtW 
o.wEtw 
O.WEtW 
O.WEtW 
O.WEtW 
O.WEtW 
O.WEtW 
O.WEtW 

? 

HAZARD INDEX 
INHALATION 

O.WEtW 
O.OOEtW 
O.WE+W 
o.wE+w 
O.WE+W 
O.wE+w 
o.wEtw 
O.WEtOO 
O.wE+W 
O.WEtW 
O.WEtW 
O.WE+W 
O.WE+W 
O.WE+W 
O.wE+w 
O.WEtW 
O.WE+W 
O.WEtw 
O.WEtW 
O.WEtW 
O.WEtW 
O.WE+W 
O.WEtOO 
O.OOEtOO 
O.WEtW 
O.WE+w 
O.WE+OQ 
O.WEtW 
O.WEtW 
O.WE+W 
O.WEtW 
O.WEtOO 
O.WE+W 

TOTAL 
HAZARD INDEX 

!.37E-02 
,.30E+OO 
3.74E-01 
1.2QE-01 
3.62E-03 
,.32E-01 
3 62E-02 
1.27E-02 
l.OBE-02 
8.77EtOO 
7.53E-01 
2.1QE-02 
2.058-02 
O.WEtOO 
O.WEtOO 
O.WEtW 
O.WE+OO 
O.WEtOO 
O.OOEtOO 
O.WEtOO 
O.OOE+OO 
O.WEtOO 
O.WEtW 
o.ooEtw 
O.OOE+OO 
O.WEtOO 
0 WEtW 
O.WE+OO 
OWE+00 
O.WEtOO 
O.OOEtw 
O.WE+OO 
O.WEtW 

O.WEtW O.WE+OO O.WE+W O.WEtW o.WEtW O.WE+W O.OOEtOo 

OTAL HAZPRD INDEX l.l(IE+Ol O.WE+w O.WE+ 00 ,.10E+O, 



ISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE CG QROUNDWATER (PAGEFOUR) 
AWC WPRMINSTW 
REA c - Futue.resnenl adun 
ALCULATE ,NCREMENTALCANCW RISK: 1 Y 

LFETIME AVG LFETIME AV(1 LFETIME AVQ CSF CSF CSF 
HEMICAL INGESTION DOSE OWMAL DOSE 

CANCER RISK CANCER RISK CANCER RISK 
INHALATION DOSE INQESTION 

TOTAL 
DERMAL INHALATION INGESTION DERMAL INHALATION CANCER RISK 

ltachbroeulene 5.87E-05 O.OOE+W 2.1.X-05 5 20E-02 5.2OE-02 
Ithany 

Z.WE-03 
2.23E-04 

3.058-06 
O.OoE+oo 

O.WE+OO 4.36E-08 
0.00E+00 

3.10E-06 
O.OOE+w 

.nenlc 4.61E-05 000E+00 
O.wE+OO O.wE+w 

O.OOE+OO I 60E+OO 
0.00E+00 

1.71ECOO 1SOEtOl 
abm 

6.67E-05 
3 &SE-03 

O.WE+OO 
0.00E+00 O.OoE+OO 

O.wEtW &67E-05 

wylliim 7.75E-06 
O.OOE+w 

O.OOEtW 
O.WE+OO 

&WE+00 
o.wE+W O.OOE+OO 

4.30EtOO B.BOE-02 
a3mh.m 

6.40EtOO 3.33E-05 
2.62E-05 O.OOE+OO 

O.wE+W 
O.OOE+w 

O.WE+OO 3.33E-05 
Sl 

horntim 
6 30E+OO 

7 75E-05 
O.wE+W 

0.00E+00 
O.OOE+OO 

O.OOE+W 
o.wE+W O.OOE+OO 

A 4.20EtOi 
,baR 

0 wE+w 
&ME-05 O.OOE+W 

O.WE+W 
0 ODE+00 

O.wE+W O.OOE+OO 

YPPK 

O.WE+W 
,.64E-04 0 OOECOO 

O.wEtOO 
O.OOE+W 

O.WE+W O.OOE+OO 
0 

arQalx=se 
O.WE+W 

1.@8E-02 O.OOE+OO 
O.wE+W 

O.OOE+OO 
O.WE+W O.OOE+OO 

D 
,dlLml 2.56E-05 

O.WEtW O.wE+OO 
O.WE+OO 0 OOE+OO 

O.wEtW OBOE+00 
D O.WE+W 

andium 6.56E-05 
O.WE+OO 

0 WE+W O.OOE+w 
O.WE+w 0.00E+00 

nc 
O.WE+W 

2.ME-03 0 OOE+OO 
O.WE+OO 

O.OOE+OO 
O.WE+OO 0 OOE+oo 

D O.WE+W 
O.wE+OO O.OOE+W 

O.WE+OO 
O.OOE+w 

O.WE+W O.OOE+OO 

0 OOEtOO 
O.wE+w O.wE+OO 

O.WE+OO 0 wE+OO 
O.wE+W O.OOE+oO 

O.wE+w 
0 WE+W 0 WE+W 

O.wEtOO 
O.WE+W 

O.WE+OO O.OOEtOO 
O.WE+W 

0 WEtW O.OOE+OO 
O.WE+w 

O.OOE+W 
O.WE+W O.OOE+OO 

O.OOE+W 
O.WE+OO 

O.wE+W 
O.WE+OO 

0 OOE+W 
O.WE+W 0 ooE+oo 

O-WE+00 
O.WE+W 

O.OOE+OO 
O.WE+W 

0 OOE+W 
o.wE+OO O.WE+OO 

O.wE+W 
O.WE+W O.OOE+W 

O.WE+W 
0 OOE+OO 

O.WE+W O.WE+OO 
O.WE+W 

0 WEtw O.WE+OO 
O.WE+W 

0 OOE+W 
O.WE+W 0 WE+00 

O.WE+w 
O.WE+W O.WE+W 

O.WE+W 
O.WE+w 

O.wE+w O.WEtOO 
O.WE+W 

O-WE+00 O.OOE+W 
O.WE+OO 

0 OOE+OO 
O.WE+W O.OOE+OO 

O.WEtW 
O.WE+W O.WE+W 

O.WE+W 
0 WE+00 

O.wE+OO 0 OOE+OO 
O.WE+w 

OWE+00 O.WE+W 
O.WE+OO 

O.OOE+W 
O.WE+W 0 OOEtOO 

O.WE+W 
o.wB+w O.OOE+OO 

O.WE+w 
O.WE+W 

O.WE+W 0 WE+00 
O.WE+W 

0 WEtW 
O.WE+OO 

O.OOE+W 0 WE+W 
o.wE+w 0 OOEtOO 

OWE+00 
O.WE+W 

O.OOE+OO 0 WE+W 
O.WEtW O.WE+OO O.OOE+OO 

o.wE+w 
O.WE+W O.OOE+OO 

O.WE+W 
O.WE+W 

O.WE+W O.OOEtW 
O.WE+W 

O.WE+W O.WE+OO 
O.WE+W 

O.WE+W 
O.WE+W 0.00Et00 

O.WE+w 
o.WE+w 

O.WE+W 
O.OOE+W O.WE+W 

o.wE+oo O.OOE+OO 
O.WE+W 

O.WE+W O.OOE+W 
O.WE+W 

O.WE+W 
O.wE+W O.OOEtOO 

O.WE+W 
O.WE+W 0 WE+00 

O.WE+OO 
O.WE+W 

O.WE+W O.OOE+OO 
O.WE+w 

O.wE+W O.OOE+W 
O.WE+W 

O.WE+W 
O.WE+W O.OOE+OO 

O.WE+W O.WEtW o.wE+oo O.WE+OO 

DTAL RISK 1.23E-04 O.WE+W 4.3SE-O6 ,.23E- W 



ITE NAME NAWC WPRMINSTER I I 
OCATION: AREA C - Fullrsres,,enl chk! 
ATE: 07/28/84 

AZARD INDICES AND INCREMENTAL CANCW RISKS ARE CALCULATEDBY ON THEFOLLOWiM SPREADSHEETS. THREE EXPOStRE ROUTES IWE CONSIDWED: 
lGESTlON OF GROUNDWATW. INHALATION OF VOLATlLES DURIM SHOWERINQdATHIN3. AND DERMAL CONTACT WHILE SHOWERINGBATHINQ. 
SSUMPTIONS ARE OUTLINED BELOW. 

XPOSURE SCEHARIO: 

EFWENCES: EPA, DECEMBER ,989 
FOSTER AND C~OSTC%VSKl. ,887 

IGESTION: IEX = (CxRxEFxEUj/[SWxAT) INHALATION: IEX = (S~R~EF~ED)~(BW~ATXR~~IE~))~~DL+MP(-RP~D)IR~-MP(R~~(D~-D~))~~) 

WHERE: C = GROUNDWATW CONCENTRATION (MQN WHERE: S - VOLATILEORQANIC CHEMICALQENWATIONAATE (UQ/CUSIC METW/MIM 
R = lN3ESTION RATE (LITWSIDAY) R = INHALATION RATE (LITWSIMIM 
EF = EXPOSURE FREQUENCY(DAYS/YEAR) c4 = SHOWER DURATION (MIN) 
ED = EXPOSURE DURATION (YEAR9 Ra = AIR MCHANOERATE (1/MIN) 
SW= BODVWElQHT(KQ) Dl= TOTAL DURATION IN SHOWW ROOM (Ml)3 
AT = AVERAQINQ TIME (DAY9 SW = BODY WEIGHT(KQ) 

SV = SHOWER ROOM AR VOLUME (nt.3) 
ERMAL CONTACT: DEX = (Cx PC XAVX ETx EF x ED)/(SW xAT x ,000) R = IDEALGAS lAWCONSTANT(ATM-M-‘3iMMJIO 

EF = !%POSUREFREQUENCV(DAYSNEAR) 
WHERE: C = GROUNDWATW CONCENTRATION (MQ,IJ ED = ExJ’OSUiE DURATION (YEAR@ 

PC = THE PERMEABILITY CONSTANT Ct= CHEMICAL (CM/H?) AT = AVERAGING TIME (DAYS) 
AV = THE SKlN SVRFACEAREA AVAlLhSLE Fm CONTACT (CM??) 
ET - EXPOSURE TIME (tRSiDAy) 
EF = MPOSURE FREQUENCY (DAYS/YEAR1 
ED = MPOSCRE DURATION (YiaRS 
SW = BODY WEIQHT (KG) 
AT - AVERAGING TIME (DAYS) 

,PUT PPRAMETERS: 

IQESTION: CHILD MPOSVRE DWMALCONTACT: CHILD EXPOSURE 

R: 

EF: 
ED: 
sw: 
AT(NONj: 
AT(C.AR) : 

1 way CONVWSION AV: 72Sa cm? CONVWSION 
350 day& FACTCR (NONCAR) = 6.39E-02 ET: 0.25 h FACTOR (NONCAR) = i.iSE-01 

6Y EF: 350 days&r 

15 Ka CONVWSION ED: 6)r CONVWSION 
2180 day, FACTCR (CARCIM = 5.48E-03 Law: ISKQ FACT(XI (CARCllg = 0.97E-03 

25550 days AT (NON: 2190 days 
AT (CPRI : 25550 days 

IHALATION: 

A: 
Bw: 
L%: 
DI: 

CHILD EXPOSLRE 

0 m34ay 
70 Ka 
15mh 
20 rnh 

d: 
(I: 
T,: 
T‘: 

Ra: 0.0083 llmh Mt: 0.982 cenltwhe 
sv: 12m3 M2: 0.616 centboae 
ED: 
R: 
EF: 

30 Y 
O.MMo82 rim- m3,b-m I- K 

350 days/y 

T: 
FR: 
AT: 

2!33K 
lOVmh 

loBSO (NONCAR) 25550 (CpRcIy 



IlSK ASSESSMENT SPREADSHEET - HOUSEHOLD USE OF GROUNDWATER (PAGE TWq 
,AWC WMMINSTER 
iREA C - Fuhre restlent child 
:ALCULATE DOSES: 

I 

QW CONC MOLECULPR HENRYS LAW 
:HEMICAL WQN WEIQHT CONSTANT 

:hombm 
4ba” 

le”* 0 005 
0.019 

0 0041 
0.329 

0.00066 
0 0024 
O.OOBB 
0.0037 
0 0157 

16 
0.0022 
0.0056 

0 225 

16583 2.696-02 
12175 

74 92 
137.34 

9.0, 
112.4 
51.99 
56 93 
63 54 

54.94 
2w 37 

50.94 
65.38 

MASS TRANSFW 
COEFICIENT (KA, 

,34E+O, 
0 OOE+OO 
0 OoE+OO 
o.wEtOO 
0.00E+00 
O.OOE+OO 
O.OOEtOO 
0.0OEC00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0 OOE+OO 

DERMAL PWM 
CONSTANT 

! 

AR CONCENTRATION 
(MQ-MINMSHOWER) 

4.60E-02 
1 OOE-03 
,.WE-03 
,.WE-03 
l.OOE-03 
,.WE-03 

2.66E-04 
O.OOE+OO 

O.WE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOEtW 

l.WE-03 
l.WE-03 

0.00E+00 
O.WE+OO 

,.OOE-03 
,.wE-03 
I.WE-03 
l.WE-03 
l.wE-03 

O.WE+OO 
O.OOEtOO 
O.OoE+w 
O.OOE+OO 
O.OOE+Oo 

O.OOE+OO 
O.OoE+OO 
0.00E+00 
O.oOE+OO 
O.OoE+OO 
o.ooE+oo 
0 OOEtOO 
0.00E+00 
0 OOEtOO 
0 ooE+OO 
O.OOE+OO 
o.ooE+W 
o.ooE+OO 
O.OOE+OO 
O.OOE+OO 
o.oOE+OO 
0 OoE+W 
O.OoE+OO 
O.OOE+OO 
O.OOE+OO 
o.oOE+OO 

O.WE+OO 
O.OOE+W 
O.WE+OO 
O.OOE+Oo 

O.WE+oo 
O.OOE+OO 
O.OOE+OO 
O.WE+OO 
O.WE+W 
O.WE+W 
O.WE+OO 
O.WE+OO 
O.WE+W 
O.OOE+OO 
O.OOE+OO 
O.OOEtw 
O.WE+W 
O.WEtOO 
0.00E+00 
O.WE+OO 
O.OOE+OO 



1 1 1 

ISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE OF GROUNDWATER (PAQE THREQ 
AWC WIV1MINSTW 
REA C - Fulur restfen chikl 
ALCULATE HMPRD INDICES: 

ANNUAL ANNUAL 
IN3 ESTION OERMAL 

DOSE DOSE 

3.20E-04 
1.21E-03 
Z.EZE-O-4 
2 tOE-02 
4.22E-05 
1.53E-04 

2.79E-05 
2.2fE-06 
4.77E-07 
3.83E-05 
7.6SE-09 
2.79E-07 
7.88E-07 
4.30E-07 
I .83E-06 
f.WE-04 
2.588-07 
0 52E-07 
2.&2E-05 
O.WE+w 
O.WE+OO 
O.WE+OO 
O.WE+W 
0 WE+00 
0 WE+W 
0 WE+W 
O.WE+OO 
O.WE+OO 
O.WE+OO 
0 WE+00 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.wE+Oo 
O.WE+OO 
O.WE+OO 
O.WE+oo 

4.22E-CM 
2.378-W 
i.WE-03 
,.02E-01 
I41E-C-4 
3.58E-04 
1.44E-02 
O.WE+W 
O.WE+W 
o.wE+w 
O.WE+w 
O.WE+w 
OWE+00 
0 wE+w 
o.WE+W 
o.WE+W 
O.WE+w 
o.WE+w 
oOOE+W 
O.WE+W 
O.OOE+W 
O.wEtW 
o.oa+w 
o.wOE+w 
O.wE+w 
O.WE+W 
O.WE+W 

O.OOE+W 
O.WEtOO 
O.WE+W 
O.WEtW 
0.00E+00 

O.WE+OO 
O.OOE+OO 
O.OOE+OO 
O.WE+w 
O.WE+W 
O.OOE+W 
O.WE+W 
O.OOE+OO 

2.79E-03 O.wE+Oo 3 481-02 
2.7EE-94 O.WE+OO 3.04EtOO 
1.5iE-03 O.OOE+OO 8.758-01 
2.19E-05 O.ooE+OO 300E-01 
3.078-07 O.wE+OO 8.44E-03 
l.lZE-05 o.wE+oo 3.07E-01 
3.07E-06 O.ooE+W 8.448-02 
3.23E-05 O.ooE+OO 2.98E-02 
2.28E-05 O.WE+OO 2.5iE-02 
3.99E-05 O.WE+OO 2.05Et01 
,.SOE-04 o.wE+oo 1.78E+OO 
9.31E-07 O.WE+OO 5.iiE-02 
2.1.98-05 O.wE+W 4.80E-02 
O.WE+OO O.WE+W O.OOE+W 
O.OOE+W O.WE+OO O.OOEtOO 
O.OOEtoO O.WE+OO O.WE+OO 
O.WE+W O.WEtW O.OOE+OO 
O.WE+OO O.wE+W O.WE+W 
O.WE+OO o.wE+oo O.OOE+W 
O.WE+W O.WE+W O.WE+W 
O.WEtW o.wE+oo O.WE+W 
0 WE+00 o.wE+W o.ooE+w 
O.WE+OO o.wE+w 0.00E,00 
O.WE+OO o.wE+oo 0 OOE+W 
O.WE+oo O.WE+OO O.OOE+OO 
O.WE+W o.wE+w 0.00E+00 
O.OOEtW O.OOE+OO OOOEtW 
O.WE+W O.WE+OO O.OOE+Oo 
O.WE+W o.wE+oo O.OOE+OO 
O.WE+w O.WE+OD O.WE+ao 
O.WE+OO O.WE+OO O.WE+OO 
O.WE+OO o.WEtW O.WE+W 
O.WE+W o.wE+oo O.WE+OO 

O.wE+w O.WE+OO O.WE+W O.OOE+OO O.WE+OO O.WE+OO O.WE+W 

3TAL HAZPRD INDEX 2.70E+Ol 4.S9E- 03 O.WE+W 2.70E+O, 

, 
ANNUAL 

INHALATION 
DOSE 

O.OOE+OO 1 OOE-02 
O.OOE+OO 4.00E-04 
O.WE+OO 3.00E-04 
O.OOE+OO 7.00E-02 
O.OOE+OO 5.00E-03 
o.wE+oo 5 OOE-W 
O.WE+OO 
O.WEtOO 
0.00E+00 
O.WE+OO 
O.WE+w 
o.wE+oo 
O.WE+W 
O.OOE+OO 
O.WE+OO 
O.OOE+OO 
O.WE+OO 
O.WE+OO 
O.WE+W 
O.WEtOO 
O.OOE+OO 

O.WEtw 
O.WE+OO 
O.WE+OO 
O.WE+W 
O.OOE+W 
o.wE+w 
O.WE+OO 

INQESTION DERMAL 
RfD RID (Gl PBS Xage) 

l.OOE-02(lOOY.) 
9.00E-03 (5%) 
3.iBE-04 (95%) 
1.75Et00(4%) 
2.50E-01 (2%) 
2.50E-02 (2%) 
Z.SOE-01 (2?G) 
1.33E-02 (60%) 
8.00E-02 (50%) 
4.67E+W (3%) 
*.EOE-03 (5%) 
7.WE-01 (1%) 
1.20E+W (25x1 

5.WE-03 (hod 
S.OOE-03 
4.00E-02 
5.00E-03 
S.OOE-05 
7 WE-03 
3.00E-01 

INHAIATION HAZARD INDEX 
RID INGESTION 

3.208-02 
J.ME+W 
8.74E-01 

l.OOE-C-I 3.00E-01 
8.448-03 
3.07E-01 
8.44E-02 
2.988-02 
2.51E-02 

l.OOE-05 2.05E+Oi 
1.76E+oo 
5.11E-02 
4.79E-02 
O.WE+OO 
O.WE+W 
O.WEtC.3 
O.OOE+W 
O.WE+W 
O.WE+W 
O.WE+W 
O.WE+W 
O.WE+W 
O.WE+w 
O.WE+W 
O.WE+W 

I 

HAZARD INDEX HAZARD INDEX TOTAL 
DERMM INHALATION HAZARD INDEX 



ISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE OF QROUNDWATER (PAGE FOUR) 
IAWC WAAMlNSTER 
REA C - Fuiue restient ohm 
ALCULATE INCAEMENTALCANCW RISK: 1 t 

LFETIME AVG LIFETIME AVG LEETIME AVG CSF CSF CSF CANCER RISK CANCER RISK CANCER RISK TOTAL 
:HEMlCAL INQESTION DOSE DWMAL OOSE INHALATION DOSE INGESTION DERMAL INWALATION INQESTION DERMAL INHALATION CANCER RISK 

2.74E-05 2,39E-08 O.OOE+OO 5 ZOE-02 5.20E-02 Z.OOE-03 I .42E-03 1.24E-07 O.OOE+OO 1.55E-03 
1.04E-C-i l.S9E-07 O.OOE+OO O.WE+OO O.OOE+OO O.OOE+OO O.OOE+W 
2.25E-05 4.09E-08 O.OOE+OO 1.80EtOO 1.71E+OO i.50EtOl 4.04E-05 &99E-08 O.OOEtOO 4.05E-05 
i.WE-03 3.28E-06 O.OOE+OO O.OOE+OO O.OOE+OO O.WE+OO O.WE+W 
3 SPE-06 &58E-09 O.OOE+OO 4 30E+OO 8.60E-02 8 40Et00 1.5BE-05 5.66E--lo O.OOE+W 1.56E-05 
1 32E-05 2.39E-0.9 O.OOE+OO 81 *.30E+oo O.OOEtOO O.OOE+OO O.OOE+W O.WE+OO 
3.528-05 8.58E-09 O.OOE+OO A 4.20EtOi O.OOE+w O.OOE+W O.OOEtOO O.OOE+OO 
2 03E-05 3 69E-OS O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.WE+OO 
B.BOE-05 1.578-07 O.OOE+OO D O.WE+OO O.OOE+oo O.OOE+W O.OOE+W 
8.77E-03 l.BOE-05 0 OOE+W D O.WE+OO O.OOE+OO O.WE+W o.ooE+w 
1.21E-05 2 19E-08 O.OOE+w cl O.WE+W O.OOE+OO O.OOE+OO O.WE+W 
3 07E-05 5.588-08 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO o.WE+w 
123E-03 2.24E-06 O.OOE+OO D O.OOE+OO O.OOE+OO O.OOE+OO 0 00E+00 
0 WEtOO O.OOE+W O.OOE+OO O.OOE+OO o.OOE+OO O.WE+OO O.OOE+OO 
0 WECW 0 WE+00 O.OOE+W O.OOE+OO o.OOE+w O.OOE+W o WE+00 
O.WE+W o.WE+OO O.OOE+W O.WE+OO 0 OOE+OO O.OOE+OO O.WE+W 
O.WE+w 0 WE+00 O.OOE+W O.OOE+OO O.OOE+OO O.OOE+W O.WE+OO 
0 WE+W 0 OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO O.OOE+W O.WE+OO 
0 WE+W O.WE+W O.OOE+OO O.OOE+W o.OOE+OO O.OOE+OO O.WE+W 
O.WE+W 0 OoE+Oo O.OOE+W O.WE+OO O.OOE+OO O.OOE+OO O.WE+W 
O.WE+W O.WE+OO 0 WE+W O.OOE+OO O.OOE+W O.OOE+OO O.OOEtW 
O.WE+W o.OOE+W O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+W o.WE+W 
O.WE+W o WE+00 O.OOE+W O.OOE+W O.OOE+OO O.OOE+OO O.WE+W 
O.WEtW O.WE+W O.OoE+w O.OOE+OO O.OOE+OO O.OOE+OO o.WE+W 
0 WE+W o.WE+W O.OOE+W O.WE+W o.OOE+OO O.OOE+W o.OOE+W 
O.WE+W O.WE+W O.OOE+OO O.WE+OO O.OOE+OO O.OOE+OO O.WE+W 
O.WE+W O.WE+W O.OOE+W O.WE+W O.OOEtOO O.OOE+OO o.WEtW 
O.WE+W 0 OOEtW O.OOE+OO O.OOE+OO O.OOE+W O.OOE+OO O.WE+W 
O.WE+W O.OOE+W 0 OoE+w O.WE+OO O.OOE+W O.OOE+OO O.WE+OO 
O.WE+W O.WE+W O.OOE+W O.WE+OO O.OOE+w O.OOE+ 00 O.wE+W 
O.WE+W O.wE+W 0 WE+00 O.OOE+W O.OOE+OO 0 OOEtW O.WE+W 
O.WE+W O.WE+W O.OOEtOO O.WE+OO O.OOE+W O.OOE+OO O.OOE+OO 
O.WE+W o.WE+W 0 OOE+W O.WE+W O.OOE+OO O.OOE+OO O.WE+W 
O.wE+W O.WE+W O.OOE+OO O.WE+W O.OOE+W O.WE+OO O.WEtW 

OTAL RISK 5.74E-05 IME-07 O.WE+w 5.7138-05 

I i I 



ISK ASSESSMENT SPREADSHEET - EXPOSGRES TWOUQH HOUSEHOLD “SE OF GROUNDWATW 

ITE NAME: NAWC WPRMlNSTm L I 

3CATlON: sne 4 oownpadisri Wdb - Wunretiderllal ozqm*ue 
ATE: 07128194 

AZARD INDICES AND INCREMENTALCANCW RISKS ARE CALCULATEDBY ONTHEFOLLOWM3 SPREADSHEETS. THREE EG’OSVREROUTES PAE CONSIOWEO: 
IQESTIONOF GROUNDWATW. INHALATIONOF “OLATlLES DURlNO SHOWERINQ,SATHING. AND DWMALCONTACT WHILE SHOWERING,SATHINQ. 
SSUMPTIONS ARE OUTLINED BELOW. 

XPOSURE SCENARIO: 

EFWENCES: EPA. DECEMBER 1999 
FOSTW AND CMOSTONSKI. 1987 

IGESTION: IM = (CxRxEFxEO)/(BWxAT) INHALATION: ID: = (SxR xExED)fiBWxATxRaxiE3)x(Ds+ MP(-RaxDj/Rs- MP(Rax(Da-0t))Ra) 

WHEPE: C = GROUNDWATW CONCENTRATION (MQiiJ WHERE: S = VOLATlLE ORaANlC CHEMICALQENWATION RATE (“Q/CUBIC METWIMIM 
R = IMESTION RATE(LlTWSDAY, R = lNHALATlONRATE(LlTWS/MI~ 
EF = EXPOSURE FREQUENCY (DAYWEAR) nP = SHOWER DURATION (MIN) 
ED = EXPOSVAE DURATION (YEARS) Ra = AIR MCHANQE RATE (1NIN) 
BW = BODY WEIGHT (KQ) DI = TOTAL DURATION IN SHOWW ROOM (MIY 
AT = AVERAQlNQ TIME (DAY8 SW = BODY WEIQHT (KG) 

SV= SHOWER ROOM AR VOLUME (rrC*3) 
WMALCONTACT: DD: = (CxPCxAVxETxE=xEO),fBWxATxi000) 

WHWE: C = GROUNOWATW CONCENTRATION (MGi,.) 
PC E THE PWMEABILITYCONSTANT OF CHEMICAL (CM/CR) 
AV - THE SKIN SCRFACEAREA AVAILPBLE FCR CONTACT (Clfi’2) 
ET = EXPOSURE TIME (fflS/llAy) 
EF = EXPOSURE FREOUENCY (DAYSNEAR) 
ED = EXPOSVRE DURATION (YEARS) 
BW = BODY WEIGHT (KQ) 
AT = AVERAGING TlME (DAYS) 

R = IOEALQAS v\W CONSTANT(ATM-M**3,,4CLi,Q 
EF = EXPOSURE FREQUENCY (OAYS,%AR) 
ED = MPOSVRE DURATION (YEAR9 
AT = AVEWIGINQ TIME (OAYq 

lP”T PARAMETERS: 

IQESTION: ADULT MPOSURE DWMAL CONTACT: ADULT EXPOSURE 

R: 2 LkhY CONVWSION Av: i94w 0n-Q CONVERSION 
EF: 350 days/y FACTCR (NONCAR) = 2 74E-02 ET: Oh FACTCR (NONCAR) = O.WE+W 
ED: JOY EF: 350 days/y 
0w: 70 Ku CONVWSION ED: 3ov CONVmSlON 

AT(N0 N): I0950 days FACTCX? (CARCIM = It7E-02 SW: io ice FACTCFl (CARCIN) = 0.00Et00 
AT&AR) : 25550 days AT(NOF(: IO950 days 

AT (CAR) : 25550 days 

IHALATION: ADULT EXPOSURE 

R: I4 nILway d: I mm 
Bw: 70 Kg b: 2‘BC 
a: 15rnh Tl: 293 K 
O!: 20 mh Ts: 318 K 
Ra: 0 we3 lhnh hi,- 0.882 centboto 
sv: i2m3 hi2: O.B,B cenl~he 
ED: WY T: 293K 
R: O.WoO82 ah,- m3,rr.,l- K FR: IO Umh 
EF: 350 dayr,$f AT; 10950 (NONCAR) 25550 (CPRCIN) 



RISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE OF OROUNOWATER (PAGE TWQ 
NAWC WPFIMINSTW 
ste 4 Dowrcgadlerd weha - wun rfsldenlh, epxue 
CALCULATE DOSES: 

I f 

GW CONC. MOLECULPR HENRYS LAW MASS TRANSFER DERMAL PWM. AR CONCENTRATION 
CHEMICAL (MO/u WEkXHT CONSTANT COEFFICIENT (KA) CONSTANT (MQ- MINRRHOWEA) 

An1hmny 0.02OQ 121.75 O.OOEtOO l.OOE-03 O.OOE+w 
kaenk 0.0041 74.w O.OOE+OO l.OOE-03 O.OOE+OO 
BaLm 0.458 137.34 O.OOE+OO l.OOE-03 O.OOE+OO 
CadlTliJCl3 O.W25 112.4 O.OOE+OO i.OOE-03 0.00Et00 
Chom~m 0.007 51.00 O.OOE+oO <.OOE-03 O.OOE+Oo 
@PPS 0.0287 83.54 O.WE+OO l.OOE-03 O.OOE+OO 
M.sqansp~ 1.84 54.04 O.WE+OO l.OOE-03 O.OOEtW 
mallltm 0 002-I 204.37 O.WE+OO ,.OOE-03 O.OOE+W 
Vatdbm 0.0109 50.94 O.WE+OO l.OOE-03 o.ooE+w 
ZhC 0.225 85.38 O.WE+OO l.OOE-03 O.WE+OO 

O.OOE+OO O.OOEtw 
O.WE+OO 0 WE+00 
0 WE+00 O.OOE+OO 
0 WE+00 0 WE+00 
0 WE+00 O.WE+OO 
O.WE+OO O.WE+OO 
0 WE+00 O.OOE+W 
0 WE+00 O.OOE+W 
O.WE+OO O.WE+DO 
0 WE+00 O.OOE+W 
0 OOE+OO O.WE+W 
O.WE+OO O.WE+OO 
0 OOE+Oo O.OOEtW 
O.WE+OO O.OOE+OO 
O.WE+W O.OOE+OO 
0 OOE+Oo O.wE+w 
O.wE+OO O.OOE+OO 
0 WE+00 O.OOE+W 
0 WE+00 O.OOE+OO 
0 WE+00 O.OOE+OO 
O.OOE+OO O.OOE+W 



ISK ASSESSMENT SPRFADSHEET - HOUSEHOLD USE OF GROUNDWATER (PAGE THREE) 
IAWC WPFlYlNSTW 
le 4 Dow~adlerd we63 - w”nrfskJedtdl ep3Jrre 

, .ALCULATE “PZPRD INDICES: 

:HEMICAL 

amikm 
hc 

V 

ANNUAL 
IIIGESTION 

DOSE 

ANNUAL 
DERMAL 
DOSE 

ANNUAL 
INHALATION 

DOSE 
INQESTION 

RID 
DERMAL lNHAlATlON 

RID (QI PgS Xepe) RlD 
HAZARD INDEX 

INGESTION 
HALARD INDEX 

DERMAL 
HAZARD INDEX 
INHALATION 

TOTAL 
HAZARD INDEX 

5 73E-04 
i.i2E-W 
1.258-02 
6 858-05 
l.QPE-C4 
7.86E-W 
S.ME-02 
&58E-05 
2.99E-04 
B.lEE-03 
O.OOECW 
O.OOE+W 
O.OOE+W 
O.OOE+W 
O.OOE+OO 
O.wE+W 
O.OOE+OO 
O.OOE+W 
0 OOE+W 
O.OOE+OO 
O.OOE+W 
o.ooE+W 
O.OOE+W 
O.OOE+W 
O.OOEtOO 
O.wE+OO 
o.ooE+OO 
O.OOE+W 
O.OOE+OO 
O.OOE+W 

O.OOE+OO 
0 OOE+W 
0 WE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+W 

O.WE+OO 
O.WE+OO 
O.OOE+OO 
O.OOEtOO 
O.OOE+W 
O.OOE+W 
O.OOE+W 
O.OOE+OO 
O.OOE+W 
O.OOE+OO 
0 OOEtOO 
0 OOE+w 
O.OOE+OO 
O.OOE+W 
O.OOE+W 
O.OOE+w 
O.OOE+W 
O.OOE+W 
O.OOEtW 
O.OOE+w 
O.OOE+OO 
O.OOE+W 
O.WEtOO 
0 OOEtW 

O.OOE+W 
O.WE+OO 
O.WE+Oo 
O.WE+OO 
O.OOE+OO 
o.ooE+w 
0.00E+00 
O.WE+W 
O.WE+W 
O.OOEtOO 
O.wE+OO 
O.OOE+W 
O.OOE+W 
O.OOE+W 
O.WE+W 
O.OOE+OO 
O.WEtW 
O.OOE+OO 
O.WE+w 
O.OOE+W 
O.OOE+W 
O.WE+OO 
O.OOE+W 
O.WE+W 
O.WE+W 
o.ooE+w 
O.WE+W 
0 OOE+OO 
O.OOE+OO 
O.WE+W 

4.00E-04 
3.00E-04 
,.OOE-02 
J.OOE-C4 
5.00E-03 W-4 
4.00E-02 
5.00E-03 
&OOE-05 
,.OOE-03 
ZOOE-01 

&OOE-03 (5%) 
3.168-04 (9%) 
1.75E+OO (4%) ,.OOE-04 
2.5OE-02 (2%) 
2.50E-01 1%) 
&WE-02 (5C%) 
4.67E+OO (3%) l.OOE-05 
,.60E-03 (5Y.) 
7.WE-01 (1%) 
1.20E+OO (25%) 

1.43E+W 
3.74E-01 
1.79E-01 
1.37E-01 
3.848-02 
l.O7E-02 
i.OlE+Ol 
&22E-01 
4.27E-02 
2.05E-02 
O.WE+W 
O.WE+oo 
O.WE+W 
O.WE+W 
O.WE+W 
O.WE+W 
O.WE+W 
O.WEtW 
O.WE+W 
O.WE+W 
O.WEtOO 
O.WE+OO 
O.WE+W 
O.WE+W 
O.WE+W 
O.WE+w 
O.WE+W 
O.wE+W 
O.WEtW 

O.wE+OO 
O.wE+Oo 
o.wE+oo 
o.ooE+OO 
o.ooE+oo 
O.OOE+W 
O.wEtw 
o.wE+w 
O.WE+OO 
O.OOEtOO 
O.WE+OO 
O.OOE+OO 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WEtW 
O.wE+OO 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WE+W 
O.WE+OO 
O.WEtW 
O.wE+oo 
O.wE+w 
O.WE+W 
O.WEtW 

O.WE+W 
O.WE+W 
O.WE+W 
O.wE+W 
O.OOE+W 
O.WE+W 
O.WE+W 
O.WE+W 
O.WEtw 
O.WE+W 
O.OOE+W 
o.OOE+w 
O.OOE+W 
o.WE+W 

O.OOE+W 
O.WE+W 
O.WE+W 
O.OOE+W 
o.OOE+W 
O.WE+W 
0 WE+W 
O.WE+W 
O.WE+W 
o.WE+w 
O.WE+W 
O.WECw 
O.WEtW 
o WE+00 
O.OOE+W 

1.43E+OO 
3.74E-0, 
1.79E-01 
137E-01 
3 34E-02 
1.97E-02 
l.OlE+Ol 
6 22E-01 
4.27E-02 
2.05E-02 
0.00E+00 
O.WE+W 
O.OOE+W 
O.OOE+W 
O.OOE+OO 
O.WEtOO 
O.WE+OO 
O.OOE+W 
O.OOE+OO 
O.OOE+W 
O.OOEtW 
O.OOE+OO 
O.OOEtOO 
O.OOE+W 
O.OOE+OO 
O.WE+OO 
O.OOE+OO 
O.OOE+OO 
O.OoE+w 

O.WE+w O.OOE+OO O.WE+QO O.OOE+OO 
O.OOE+OO 0 WEtW O.OOE+W O.WE+W O.WEtW O.WE+W O.OOE+W 

I 
TOTAL HAZPRD INDW 1.31 E+ 01 O.WE+w O.OOE+W 1.31 E+ 01 1 



RISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE CX= GROUNDWATER (PAGE FOUR) 
NAWC WPRMINSTW 
Slh 4 DOWngaJlwd wslp - Adunreelderlfal eqloave 
CALCULATE lNCREMENTALCANCW RISK: 1 V 

LFETIME AVQ L#=ETlME AVQ LlFETlME AVQ CSF CSF 
CHEMICAL 

CSF 
INGESTION DOSE DWMAL DOSE 

CANCER RISK CANCER RISK CANCER RISK 
INWILATION DOSE INGESTION 

TOTAL 
DERMAL lN”ALATlON INGESTION DERMAL INHALATION CANCER RISK 

Pnlii~Y 245E-04 0 00EtW 0 OOE+OO 
ArsenlC 4 61E-05 

O.WE+W 
0 OOE+OO 

0 WE+00 
O.OOE+OO 

0 OOE+OO 
I 6OEfOO 

o.OOE+00 
1.7lE+Oo 

Bahl 5 JBE-03 
1.50E+01 

0 WE+00 
6.67E-05 O.OOE+OO 

0 OOEtOO 
O.OOE+OO 6.67E-05 

cxlmlum 2.64E-05 
O.WE+W 

0 OOE+OO 
O.WE+OO 

0 OOEtOO 
O.OOE+OO 

B1 
O.WE+OO 

Chomtim 
6.30E+OO 

6 22E-05 
O.OOE+W 

0 OOE+OO O.OOE+OO 
O.OOE+OO 

A 
O.OOE+OO O.WE+W 

CoPPS 

4.20E+Ol 
3 37E-M 0 OOE+OO 

O.OOE+W O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
D 

O.WE+W 

h4aluaneoe 2.16E-02 
O.OOE+W 

O.OOE+OO 
O.OOE+OO 

0 OOEtOO 
O.WE+OO 

D 
O.OOE+OO 

Thallbm 2.62E-05 
O.OOE+W 

0 ooE+oo 
O.OOE+W 

O.OOE+OO 
O.OOE+OO 

D 
O.OOE+W 

Vandbm 1 26E-W 
O.WE+W 

O.OOE+OO 
O.WEtOO 

O.OOE+OO 
0.00E+00 O.OOE+OO 

Zhc 2.ME-03 
O.WE+W 

0,00E+00 
O.OOE+OO 

0 OoE+w 
O.OOE+OO 

D 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 

0 OOE+OO 
O.WE+OO 

0 OOE+W 
o.OOE+OO O.OOE+W 

O.OOE+W 
O.WE+OO 

o 0OEf00 0 OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+W 

0 OOE+w 
O.OOE+W 

0 OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO O.WE+OO 

O.OOE+W 
O.WE+W O.OOE+W 

O.OOE+OO O.OOE+W 
O.OOE+OO O.OOE+W 

O.OOE+OO 
OOOE+W o WE+00 

O.OOE+OO 
O.OOE+OO 

O.OOE+OO O.WE+W 

0 OOE+oo 
O.WE+W 

O.WE+OO 
O.OOE+W 

O.OOE+W 
0,00E+00 O.WE+W 

0 OOE+W 
O.WE+W O.WE+W 

O.WE+OO 0 OOE+W 
o.wE+oo 0 WE+00 

O.OOE+OO 
O.WE+W 

0 OOE+OO 
O.WE+OO 

0 OOE+OO 
0.00Et00 O.WE+OO 

0 WE+W 
O.WE+W 

O.oOE+OO 
O.WE+OO 

O.OOE+OO 
O.OOE+OO O.OOE+OO 

0 OOE+W 
O.WE+W 

O.WE+OO 
O.WE+W 

O.OOE+W 
O.OOE+OO O.OOE+W 

O.WE+W 
O.WE+W O.WE+W 

0 WE+00 OOOEtW 
O.OOE+OO O.OOE+W 

0 OOE+W 
O.wE+w 

0 OOE+OO 
O.WE+OO 

0 ooE+oo 
0 OOE+Oo O.WE+OO 

0 WE+00 
O.WE+W 

O.OOE+OO 
O.WE+OO 

0 OoE+W 
0,00E+00 0 WE+00 

O.WE+OO 
O.OOE+W 

0 oOE+OO 
O.WE+W 

0 OOEtW 
o.OOE+oo O.WE+w 

O.WE+W 
O.WE+W 

O.oOE+oO 
O.WE+W 

0.00E+Oo 
O.OOE+W 0 OOEtOO 

0 WE+00 
O.WE+W 

O.OOE+W 
O.WE+W 

0 OOEtOO 
O.WE+OO O.WE+W 

O.WE+W 
O.WE+W O.WE+W 

0 WE+00 0 OOE+W 
O.WE+OO 0 OOE+OO 

O.OOE+W 0 WECOO 
O.WE+W 

0 OOE+W 
O.wE+w O.OOE+OO O.OOE+OO 

O.WE+W 
O.WE+W 

0 WE+00 
0 WE+W 

O.OOE+OO 
0 OOE+Oo 0 OOE+W 

0 OOE+W 
O.OOE+W 

O.WE+OO 
0 WE+00 

O.WE+W 
O.WE+OO O.OOE+OO 

0 OOE+W 
O.OOE+W 

O.wE+OO 
O.WE+W 

O.WE+W 
O.OOE+OO 0 OOE+W 

O.OOE+W O.OOE+W O.WE+oo O.WE+W 

TOTAL RISK 6.67E- 05 O.WE+ W o.wiz+w 6.67E-05 



I 1 

RISK ASSESSMENT SPREADSHEET - EXPOSURES TtROUQH HOUSEHOLD USE OF GROUNDWATW 

SITE NAME: NAWC WPRMlNSTm 1 

LOCATION: Site 4Downgadierl Web - Chltlrsaklen,bls,p,orve 
DATE: 07/26,94 

HAZARD INDICESANDINCREMENTALCANCW RISKS ARE CALCULATEDBYONTHEFOLLOWlM SPREADSHEETS. THREE MPOSUREROUTES~ECONSIDWED: 
INGESTION OF QROUNDWATW. INHALATIONOF VOLATILES DURIN3 SHOWERINQBATHIM. AND DWMAL CONTACT WHILE SHOWERlNQ,QATHlNQ. 
ASSUMPTIONS ARE OUTLINED BELOW. 

EXPOSURE SCENARIO: 

REFERENCES: EPA. DECEMBER 1969 
FOSTW AND CMOSTOWSKI. 1967 

INGESTION: IEX = (CxAxEFxEO)/(BWxATJ INHALATION: IM = (SxR x0 xED)ABWxATxRax,E3)x(D: + MP(-RaxD(/Ra- MP(Rax(Ds-Dt)),Ra) 

WHWE: C = QROUNDWATW CONCENlRATION (MQN WHWE: 6 = VOLATILEORQANIC CHEMICALQENWATIONRATE (W/CUBIC METmiMIM 
R = IN3ESTION RATE (LITmS,DAY) R = lNHAVITlONRATE(LITmS/MIEO 
EF = MPOSURE FREQUENCY (DAYSNEAR) IZI = SHOWER DURATION (MIN) 
ED = EXT’OSaE DURATION (YEARS, Ra = AIR MCHANQERATE (IIMINJ 
BW = BODY WEIQHT (KQ) Dt = TOTAL DURATION IN SHOWW ROOM (MIN 
AT = AVERADINQ TIME (DAYS1 BW=BODYWElQHT(KQ) 

DWMALCONTACT: DM = (CxPCxAVxETxExED)/(BWxATxlWO) 
SV= SHOWERROOM AR VoCUME(m*3) 
R = IDEALGAS LAW CONSTANTIATM-M’*31MW 

WHmE: C = QROUNDWATW CONCENTRATION (MQilJ 
PC = THE PWMEPBILITY CONSTANT CF CHEMICAL (CM/M) 
AV = THE SKIN SURFACEAREA AVAllPBLE FCR CONTACT (CM-2) 
ET = MPOSJRE TIME (mS/DAv) 
EF = MPOSURE FREQUENCY (DAYSNEAR) 
ED = MPOSVAE DURATION (YEAR4 
BW = BODY WEIGHT (KG) 
AT = AVERAOINQ TIME (DAY9 

EF = EXPOSURE FREOUENCY (DAYSNEAR) 
ED = DfJ’OSLRE DURATION IYEARS 
AT = AVERAQINQ TIME (DAYS) 

INPUT PI\IIWETERS: 

INGESTION: CHILD EXPOSWE DWMAL CONTACT: CHILD MPOSURE 

R: lLmY CONVWSION 
EF: 35n days/y FACTCR (NONCAR) = 6.39E-02 
ED: 6)r 
SW: 
AT(NON): 

15 Kg CONVWSION 
2190 days FACTCi? (CARCIM = 5.46E-03 

AT(CAR) 25550 dayr 

AV: 
ET: 

7280 cm2 CONVWSlON 
0.25 h FACTCFl (NONCAR) = i.l6E-01 

EF: 350 day& 
ED: 6~ CONVWSION 
BW. .. i5Kg FACTCR (CARCIN) = S.O’lE-03 
AT (NON: 2190 days 
AT (CPFI) : 25550 day3 

INHALATION: CHILD MPOSLFIE 

R: 0 m3Hay d: I- 
SW: 70 Kg C: 2 tee 
b: 15rnh T1: 293K 
m: 20 mh h: 316 K 
Ra: 0 0063 lhnh Ml: 0.962 cont,x,ko 
sv: 12m3 ht2: 0.616 centtymk.3 

ED: 30 Y T: 293 K 
R: O.WW62 al”,-m3hl-K FR: IO Umh 
EF: 350 daysfy AT: 10950 (NONCAR) 25550 (CPRCIN) 



RISK ASSESSMENT SPREADSHEET - HOUSEHOLD USE w QROUNDWATER (PAQE TWO) 
NAWC WPRMINSTW 
me 4 Dow~adlerl wok3 - ChlU renkientlal emosue 
CALCULATE DOSES: 

CHEMICAL 
QW CONC. 
IMQIL) 

I 
MOLECULPR HENRYS LAW MASS TRANSFER DERMAL PWM. AIR CONCENTRAllON 

Y 

WEtQHT CONSTANT COEFFICIENT (KA) CONSTANT (MG-MtNRBHOWER) 
I 

Antilwny 0 0203 121 75 0 ooE+oo l.OOE-03 O.OQE+W 
Plsenk 0.0041 74.92 O.OOE+OO l.WE-03 O.WE+W 
Bsbm 0.458 137.34 O.OOE+OO l.WE-03 O.OOEtOO 
CxlmClm O.WX 112.4 O.OOE+OO l.WE-03 O.OOE+W 
ChomClm 0.007 51.99 O.OOE+OO I .WE-03 o.wtz+w 

&PPS 0 0287 63.54 O.OOE+OO l.OOE-03 O.WE+OO 
Marpaners I.84 54.84 0 OOE+oO l.OOE-03 O.WE+OO 
manlrm 0 0024 204.37 O.WEtOO l.WE-03 O.WE+W 
VYrajtwn 0.0109 50.84 O.OOE+OO l.WE-03 O.OOE+W 
Zhc 0.225 85 38 O.OOE+OO l.OOE-03 O.OOE+W 

0 OOE+oO O.WE+W 
O.OOE+OO O.WE+W 
O.OOE+OO O.WE+OO 
0 OOE+OO O.WE+W 
O.OOE+oO O.OOE+W 
O.OOE+OO O.WEtW 
O.OOE+OO O.WE+W 
0.00E+00 O.WEtW 
O.OOE+OO O.OOE+W 
O.OOE+OO O.OOE+W 
O.OOE+OO O.WE+W 
0.00E+00 O.WE+W 
O.OOE+OO O.WE+W 
O.OOE+OO 0 WE+W 
0.00E+00 O.OOEtW 
O.OOE+OO O.wE+w 
O.OOE+OO O.OOE+W 
O.OOE+W O.WE+W 
O.OOE+OO O.WE+W 

0 OOE+OO o.wE+w 
O.OOEtOO O.OOE+W 

I 1 1 I i I 
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R 
h 
s 
c ‘ALCULATEhZPRD INDICES- I I 

ANNUAL ANNUAL ANNUAL 
IMESTlON DERMAL , NHALATtO N INGESTION DERMAL INHALATION HAZARD INDEX HAZARD INDEX HAZARD INDEX 

c :HEL(tCAL DOSE DOSE DOSE RfD RID (01 MS%we) RfD INGESTION DERYAL INHALATION 
TOTAL 

HAZARD INDEX 

A "th-C."y l.%E-03 2 43E-08 0.00E+00 ,.OOE-04 S.OOE-03 (5%) 3.34EtOO 3.WE-04 O.OOE+OO 
A wmk 2.62E-04 4.77E-07 O.OOEtW 3.00E-04 %iBE-C4 (95%) 6.74E-01 1.51E-03 O.OOE+W 
s aium 2.93E-02 5.33E-05 O.OOE+W 7.00E-02 1.75EtOO (4%) i.WE-04 4.16E-01 3.048-05 O.OOEtOO 
C xhe.ml ,.60E-04 Z.OlE-07 0 OOE+W J.OOE-W 2.50E-02 12% 

2SOE-Oi iP?cj 
3.20E-01 l.lBE-05 O.OOE+OO 

C homhm 4.47E-04 6.14E-07 O.OOE+W 5.00E-03 (he* 6.95E-02 3.26E-06 O.OOE+OO 
C OPPS 1.63E-03 3.34E-00 0 OOEtW 4.00E-02 6.WE-02 (50X) 4.508-02 4.17E-05 O.OOE+OO 
u ln~mese 1.16E-01 2.14E-64 0 OOEtW 5.OOE-03 4.67EtOO (3%) l.WE-05 2.35EtOi 4.595-05 O.OOE+OO 
T halltAn 1.53E-04 2.79E-07 O.OOE+W 6.00E-05 l.EOE-03 (5%) 1.92EtOO 1.75E-C4 O.OOE+OO 
v ane%m 6 67E-O4 1.27E-06 O.OOE+W 7.00E-03 7.00E-01 (iY.1 O.O5E-02 1.6iE-06 O.OOE+OO 
2 hC 1.44E-02 2.62E-05 O.OOE+W 3.00E-01 1.20EtOO (2%) 4.7OE-02 2.16E-05 O.OOE+OO 

0 OOEtW O.WE+OO O.OOE+W O.WE+OO O.OOE+OO O.WE+OO 
o.wE+w O.WE+W O.WEtW 0 OOEtW O.WE+Oo O.WEtOO 
O.WE+W 0 WE+00 0 OOEtW O.OOE+OO O.OOE+OO O.WEtOO 
O.OOEtW O.OOEtW 0 OOEtW O.wE+OO O.WE+OO O.OOE+OO 
O.WE+W O.WE+OO O.OOE+W O.WE+OO O.WE+OO O.WE+OO 
O.WEtW O.WEtW OWE+00 O.WE+OO O.WE+W O.WE+W 
0 wE+w O.WE+w 0 OOE+W O.WE+Oo O.WEtOO O.WE+OO 
O.WE+W 0 WE+00 O.OOEtW O.WE+W 0.00E+00 O.WEtOO 
O.WE+W O.WE+W O.OOE+W O.OOE+W O.WE+OO O.WEtOO 
O.WE+W o.wE+w o.ooE+w O.WE+W O.WE+OO O.WE+OO 
o.wE+w 0 WE+00 O.OOE+W O.WE+W O.WE+OO O.OOEtOO 
O.WE+W 0 WE+00 0 ooE+w O.WE+oO O.wE+w O.WEtOO 
O.WE+W O.WE+W O.OOE+W O.WE+W O.WE+OO O.WE+OO 
o.wE+w 0 WE+W O.OOE+W O.WE+W O.WE+OO O.WE+OO 
O.WE+W O.WE+W 0 OOEtW O.WE+W O.WE+W O.OOEtOO 
O.WEtW O.WEtW O.WE+W O.WE+OO O.WE+W O.OOE+OO 
O.WE+W O.WE+W O.OOE+W O.WE+W O.WE+OO O.WE+W 
O.WE+W 0 WE+00 O.OOE+W O.WE+W O.OOE+OO O.OOEtOO 
O.WE+W 0 WE+00 O.OOE+W O.WE+OO O.WE+OO O.WE+OO 

3.34EtOO 
6.75E-01 
4.16E-01 
3.20E-01 
6.95E-02 
4.596-02 
2.35EtOi 
1.82EtOO 
O.OSE-02 
4.60E-02 
O.WE+OO 
O.WE+OO 
O.WE+W 
o.wE+oo 
O.OOE+OO 
O.WE+W 
O.WE+W 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WE+OO 
O.WEtW 
O.WE+W 
O.WE+W 
O.WE+OO 
O.WE+W 
O.OOE+OO 
O.WE+OO 
O.OOEtOO 

0 WE+00 O.WE+W O.OOE+W O.WE+W O.OOEtOO O.OOE+OO O.WE+OO 
O.WE+W O.WE+W O.WE+W O.WE+W O.WE+W O.WE+OO O.WE+W 

TOTAL HAZMD INDEX 3.07E+Ol 2.15E-M O.WE+W 3.07E+Ol 
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CALCULATE INCREMENTALCANCW RISK I t 

LFETtME AVQ LIFETIME AVQ LFETIME AVQ CSF CSF 
CHEMICAL 

CSF 
tNQESTlON DOSE DWMAL DOSE 

CANCER RISK CANCER RISK CANCER RISK 
INHALATION DOSE INQESTION 

TOTAL 
DEAMAL IN”A,,,TION INGESTION DERMAL INHALATION CANCER RISK 

Anthnny I 15E-C-4 2.06E-07 O.OOE+OO 
menlc 2.25E-05 

0 WE+W 
4.09E-06 

O.WE+W 
O.OOE+OO 

O.OOE+OO 
1.80EtOO 

O.OOE+OO 

Salurn 
1.71E+oo 1.50EtOI 

2.51E-03 
4.O4E-05 

4.57E-06 
6.99E-06 

O.OOEtW 
O.OoE+OO 4.05E-05 

Cadmbm 
O.WE+OO 

1 37E-05 2.49E-06 
O.WE+oo 

O.OOE+OO 
O.OOE+OO 

81 
0 OOE+OO 

Chombm 
6 30EtOO O.WE+W 

3.64E-05 6.06E-06 
0 OOEtOO 

O.OOE+OO 
O.WEtW 

A 
O.OOEtOO 

4.20EtOl 

COPPS 

O.OOE+OO 
,.5/E-0-l 2.66E-07 

0.00E+00 
O.OOE+OO 

O.WE+W 
D 

O.OOE+OO 

Maruansre i.OIE-02 
O.WEtOO 

,.63E-05 
O.WEtW 

O.OOE+OO 
0 OOEtOO 

D 
0.00E+00 

Thallbm 
O.WE+OO 

I 32E-05 2 39E-06 
O.WE+W O.OoE+W 

0 OOEtOO 
O.WE+OO 

D 
VanaJ~ln 

O.WE+OO 
5.¶7E-05 1.09E-07 

O.WE+W 
O.OOE+OO 

O.OOE+W O.OOE+OO 

ZhC 1.23E-03 
O.wEtOO 

2.245-06 
O.OOE+W 

0 OOEtOO 
O.ooE+W 

D 
O.WE+OO 

O.WE+OO 
O.WEtOO 

O.OOE+w 
O.OOE+OO 0 OOEtW 

0.00Etw O.OOE+OO 
O.WEtW 

0 OOEtW 0 00Et00 
O.WE+W 

0 WE+W 
0 OOEtOO O.WE+OO 

O.WE+W 
OOOE+W 0 OOEtOO 

O.OOEtW 
O.OOE+W 

O.WEtOO 0 WEtW 
O.WEtOO 

O.wE+w 0 OOEtOO 
O-WE+00 

0 OOE+W 
0 wE+W O.OOEtOO 

O.WEtW 
O.WE+Oo O.OOE+oo 

O.WE+OO O.OOEtOO 
O.OOE+OO 

O.OOEtOO 

O.WE+W 
O.WE+OO 

O.OOE+OO 
o.OOEtW 

0 ooE+oo 
O.OOE+W O.OOE+W 

O.WEtW 
o.WE+W 

O.WE+W 
0 oOEt00 0 OOEtW 

O.OoE+W O.OOE+OO 
O.WE+OO 

0 WE+W 0 OOEtOO 
O.OOE+W 

0 OOEtOO 
O.OOE+W O.OOEtOO 

O.WE+OO 
O.WE+OO 0 OOE+OO 

O.WEtW 
0 OOE400 

O.OOE+W O.WE+OO 
O.WE+W 

O.OOE+W 
O.OOE+w 

0 OOEtOO O.OOE+W 
O.WE+W O.WE+W 

O.WE+OO 
0 WE+00 0 OOEtOO 

O.WE+W 
O.OOE+W 

O.OOEtOO O.OOEtW 
O.WE+W 

0 WE+W 
O.WEtW 

O.WE+W O.OOE+W 
O.WEtW O.WE+W 

O.WEtOO 
O.WEtW 0 OoEtw 

O.OOE+OO 
O.OOE+W 

O.OoE+W O.WE+OO 
O.WE+OO 

o WE+w O.OOE+oo 
O.WE+W 

O.WE+W 
0 WE+00 O.WE+OO 

O.WEtW 
o.wE+oo 

0 OOEIW 
O.WE+W 

O.WE+W 
O.WE+W O.OOE+OO 

O.WE+OO 
O.WEtW O.wE+W 

O.OOE+W 
O.OOE+W 

0 00Et00 O.WEtOO 
O.WE+W 

0 WE+00 0 OOEtOO 
O.WE+W 

O.OOE+W 
0 WEfW O.WE+W 

0 WE+W 
O.WEtW 

o.oOE+Oo O.OOE+W 
O.WE+W 0 WE+00 O.WE+W 

O.WEtOO 
O.WE+W 

o.WE+W 
O.OOE+OO O.OOE+W 

O.OOE+W O.OOE+W 
O.WE+W 

O.WE+W 
O.WE+W 

0 WE+00 0 OOE+W 
O.WE+W O.WEtW 

O.WE+W 
0 WE+W O.OoE+w 

O.WE+W 
O.WE+W 

O.OOE+OO O.WE+W 
O.WEtW O.WE+W O.WE+OO O.WE+W 

TOTAL RISK 4.00E-05 8.99E-08 O.wE+ W 4,05E-65 
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